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ABSTRACT 
The tall-grass prairies, wetlands and forests that dominated the Iowa 
landscape have been replaced by annual row-crops and grass pastures that occupy 
more than 90 % of the landscape today. Because of these changes water reaches 
the streams and gullies much faster and has led to incised streams and an extensive 
growth of gully networks. Stream and gully banks are major contributors of the non-
point source sediment and phosphorus. Reducing these pollutants is a priority to 
maintain healthy streams. The objective of this study was to compare stream and 
gully bank soil and phosphorus looses under different land-use practices in three 
Iowa regions. The hypothesis was that stream and gully bank erosion would 
decrease in the following order: annual row-cropped fields, continuous pastures, 
rotational pastures, intensive rotational pastures, pastures with cattle excluded from 
the stream, grass filters and riparian forest buffers. In rotational and intensive 
rotational grazing the pastures are divided into paddocks. One paddock is grazed at 
a time while the others are rested. To estimate soil losses for each treatment, 
erosion pins were used for stream and gully bank rates and all the severe eroding 
site heights and lengths were measured. Estimating soil total phosphorus 
concentrations from the stream and gully bank faces allowed us to estimate 
phosphorus losses. In addition phosphorus concentrations in riparian, stream bed 
and loafing areas of all treatments were measures. Riparian forest buffers, grass 
filters and pastures with the cattle excluded from the stream had the lowest soil and 
phosphorus losses from stream and bank erosion. Row-cropped fields had high soil 
and phosphorus losses that were similar to the continuous pastures. There are 
ix 
some indications that moving to rotational and intensive rotational pastures soil and 
phosphorus losses could be decrease compared to continuous. The effectiveness 
of rotational and intensive rotational pastures will depend on the number of 
paddocks along the stream, stocking rates, grazing in the stream paddocks during 
wet periods and how well landowners follow the pasture system guidelines. Finally 
cow entry points and loafing areas should require special attention because they can 
be a major source soil and phosphorus to streams. 
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CHAPTER 1. GENERAL INTRODUCTION 
Introduction 
Non-point source pollutants are the number one water quality problem in the 
United States (Unites States Environmental Protection Agency, 1997). Sediment 
and nutrients (nitrogen and phosphorus) are the most common non-point source 
pollutants. This project primarily focused on sediment and phosphorus non-point 
source pollutants. 
Nationwide, sediment is recognized as a pollutant by the non-point source 
control requirements of Section 319 of the 1987 Clean Water Act. Agricultural 
activities in the United States contribute 1.9 billion metric tons of sediment annually 
to surface waters (United States Department of Agriculture-Natural Resource 
Conservation Service, 1997a). Sediment is the nation's leading non-point source 
pollutant accounting for 47 % of the total (Association of State and Interstate Water 
Pollution Control Administration, 1984; Unites States Environmental Protection 
Agency, 1997). It is responsible for degrading 60% of the impaired river kilometers 
and 50% of the lake hectares in the country (Unites States Environmental Protection 
Agency, 1997). Sediment is also the number one non-point source pollutant in the 
Midwestern United States, (Iowa Department of Natural Resources, 1997). In Iowa, 
agriculture contributes 28.3 metric tons of sediment ha"1 yr"1 (sheet and rill erosion 
and ephemeral gullies) (United States Department of Agriculture-Natural Resource 
Conservation Service, 1997b). 
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Increased sediment loads can induce many negative impacts in streams. 
They can decrease water quality and aquatic life (Federal Interagency Stream 
Restoration Working Group, 1998; Iowa Department of Natural Resources, 1997), 
while increasing flooding (Barnes, 1968), turbidity, and sedimentation downstream 
(Federal Interagency Stream Restoration Working Group, 1998). Higher fine 
sediment in the stream can eliminate areas for shelter, spawning, and food 
production for fish (Lyons et al., 2000). Municipalities that use stream water have 
higher operational costs when the streams have high sediment loads because of 
increased of water purification (Barnes, 1968). Reservoirs fill up much faster when 
streams carry high sediment loads that decrease reservoirs storage that eventually 
leads to dredging (Petersen et al., 1992). Decreased reservoir capacity diminishes 
flood control, while also decreasing dependable water sources for public water 
supply, irrigation and recreational uses (Wilkin and Hebel, 1982). 
Sediment can also carry nutrients (particularly phosphorus) and toxic 
pollutants (Association of State and Interstate Water Pollution Control 
Administration, 1984). Transport of phosphorus in the terrestrial environment to 
surface waters can be via solution (dissolved phosphorus) or with sediment 
movement (particulate phosphorus) (Sharpley and Mendel, 1987). In 116 
agricultural watersheds in Canada, particulate phosphorus accounted on average for 
86% (ranged from 44-98%) of the total P loads (Prairie and Kalff, 1986). Particulate 
phosphorus is typically the dominant form of phosphorus transport (Bottcher et al., 
1981; David and Gentry, 2000; Vaithiyanathan and Correll, 1992) because 
phosphorus is held tightly by the soil (Sharpley et al., 2000). 
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This characteristic of phosphorus led to past perceptions that non-point 
source phosphorus movement to surface waters was minimal. However, there is 
evidence of significant phosphorus losses from agricultural fields at both the plot and 
watershed scale (Sharpley et al., 2000; Withers and Jarvis, 1998). Although these 
losses are typically below 1 kg of total phosphorus ha"1 yr"1 and negligible from an 
agronomic point of view, they can have a significant environmental impact (Heckrath 
et al., 1995). In Iowa's agricultural areas, these losses can range from 0.3-2.0 kg of 
phosphorus ha"1 yr"1 (United States Department of Agriculture-Natural Resource 
Conservation Service, 1997b). 
Three main factors have led to a greater realization of phosphorus movement 
to surface waters in agricultural watersheds (Powlson, 1998). The first factor is that 
significant amounts of phosphorus can be transported by soil erosion and overland 
flow even though phosphorus is strongly held by soil (Addiscott et al., 2000). The 
second is interflow and field drains that also can account for significant amounts of 
phosphorus losses that reach surface waters (Powlson, 1998). Finally, the third 
factor is that very low phosphorus concentrations can cause eutrophication of 
surface waters (Powlson, 1998). 
Phosphorus has been identified by many organizations as the primary limiting 
nutrient causing eutrophication of many surface waters (Daniel et al., 1998; 
Environment Agency, 1998; European Environment Agency, 1998; United States 
Environmental Protection Agency, 1996). Eutrophication increases the growth of 
undesirable algae and aquatic plants that replace benthic organisms and submerged 
macrophytes (Sharpley et al., 2000; Carpenter et al., 1998; Norfleet, 1998; Kotak et 
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al., 1994; Martin and Cooke, 1994). Undesirable odors and surface scum are 
produced from the decaying algae that are also accompanied by population growth 
of mosquitoes and other pest insects. Algae death and decomposition cause 
oxygen shortages that restrict water use for fisheries, recreation, industry and 
drinking. Water transparency and the aesthetic value of the surface water are also 
decreased. Cyanobacteria blooms can lead to drinking water unpalatability, while 
potentially toxic dissolved compounds are produced that may harm livestock and 
wildlife, and increase the cost of water purification for municipalities. Finally, coarse, 
rapid-growing fish replace high-quality edible fish. 
Thesis organization 
The thesis consists of five chapters that discuss the results of projects 
conducted in northeast, central and southeast Iowa. Chapter 1 has a general 
introduction of the environmental problems that non-point source sediment and 
phosphorus cause, and continues with a literature review that describes the 
importance of soil and sediment characteristics of source areas, and how land-use 
practices can influence stream and gully erosion; that are major contributors to 
sediment and phosphorus loads in streams. The next three chapters contain 
manuscripts. The first manuscript (Chapter 2) entitled "Phosphorus and compaction 
in riparian and stream bank soils and phosphorus and substrate composition in 
stream bed sediments under different land-use practices in Iowa" will be submitted 
to the Journal of Soil and Water Conservation. It compares soil and sediment total 
phosphorus concentrations, soil compaction and stream bed substrate composition 
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under different land-use practices. The second manuscript (Chapter 3) entitled 
"Stream bank soil and phosphorus losses and vegetative characteristics under 
different land-uses in Iowa" compares stream bank erosion under the different land-
use practices, and the importance of vegetative cover. Finally, the third manuscript 
(Chapter 4) evaluates the impact of different land-use practices on gully erosion and 
is entitled "Gully erosion under different land-use treatments in Iowa with an 
emphasis on grazing practices." The second and third manuscripts will be submitted 
to the Journal of Range Management. Finally, Chapter 5 presents some general 
conclusions based on all three manuscripts. 
Literature Review 
To control non-point source pollutants we need to identify, quantify and 
understand the processes and pathways of non-point sediment and phosphorus 
that reach surface waters (Johnes and Hodgkinson, 1998). The dominant pathways 
of sediment and phosphorus transport are overland flow, stream bank erosion, gully 
erosion and stream bed sediment re-suspension (Casali et al., 2000; Daniel et al., 
1994; Evans et al., 1997; House et al., 1998; Kronvang et al., 2002; Sharpley et al., 
1993). The research described in this dissertation primarily focuses on stream and 
gully bank erosion pathways while also addressing the importance of certain source 
area characteristics of all major pathways. 
Soil and sediment characteristics of the source areas 
Soil and/or sediment characteristics of the critical source areas are important 
in understanding the major pathways of sediment and phosphorus movement 
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(Kronvang et al., 2003). These characteristics can increase or decrease the 
amounts of sediment and/or phosphorus transported by these pathways. By 
focusing on identifying and understanding only the pathways that non-point sediment 
and phosphorus take to reach surface waters we are not looking at the non-point 
source problem holistically. 
Soil and sediment phosphorus concentration is one of the important 
characteristics because it can significantly influence non-point source phosphorus 
losses. Soil is considered by many, the major source of phosphorus to surface 
waters (House et al., 1998). Accumulation of phosphorus in the agricultural surface 
soils means a larger pool of phosphorus is available for transport (Haygarth et al., 
1998; Pote et al., 1999). Ninety-six percent of the variance of the non-point total 
phosphorus export in Norwegian watersheds was explained by three variables; one 
of them being total phosphorus (Kronvang et al., 2003). The export of suspended 
sediment was another variable indicating the importance of erosion for phosphorus 
export. 
Soil compaction can also be a very influential characteristic because it can 
lead to increased overland flow (Thurow et al., 1988; Warren et al., 1986). Overland 
flow is one the major pathways of sediment and phosphorus transport (Sharpley et 
al., 1993). 
Finally, the percentage of fine particles in the substrate in the stream bed is 
significant because finer materials are more easily re-suspended and have most of 
the phosphorus attached to them (Sharpley and Smith, 1990). The increase of fine 
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particles in the stream bed substrate can be a result of increased soil erosion 
processes like overland flow and stream and gully bank erosion. 
Stream bank erosion 
One of the major pathways of non-point source pollutants is stream bank 
erosion. It has been recognized as a nationwide problem since 1974, when the 
United States Congress enacted the Streambank Erosion Control Evaluation and 
Demonstration Act (Section 32 of Public Law 93-351 ). In the United States, an 
estimated 227,000 km of stream bank are in need of erosion protection at a cost of 
about $1 billion in 1981 (United States Army Corps of Engineers, 1983). 
The contribution of stream bank erosion to the stream sediment load has a 
wide range and can vary from as low as 5 % (Stott et al., 1983) to as high as 80-
90% (Kronvang et al., 1997; Simon et al., 1996). In most incised streams, stream 
bank erosion contributes 30-60 % of the stream sediment load (Amiri-Tokaldany et 
al., 2003; Anderson, 1954; Lawler et al., 1999; Odgaard, 1987; Schilling and Wolter, 
2000; Sekely et al., 2002; Wilkin and Hebel 1982). 
Sharpley et al. (1979) found that stream bank erosion and re-suspension of 
sediments were also the major contributors of particulate and total phosphorus in 
surface waters. In Denmark, stream bank erosion contributed more than 90 % of the 
total phosphorus (Kronvang et al., 1997). In the Midwest, stream bank erosion 
contributions to stream phosphorus loads are consider to be less although they have 
a wide range. Specifically, in Minnesota, only 7-10 % of the total phosphorus was 
from stream bank erosion (Sekely et al., 2002) while in contrast in Illinois the 
contribution was up to 56 % (Roseboom 1987). 
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Gully erosion 
In agricultural landscapes, gullies can be a major pathway of sediment to 
surface waters (United States Environmental Protection Agency, 1998) because 
gullies increase connectivity in the landscape (Poesen et al., 2003). In some cases, 
gully contributions to sediment might be more important than stream bank erosion 
contributions. Gruszwowski et al. (2003) found that rill and gully erosion contributed 
35 % of the sediment to streams while stream bank erosion contributed only 8 %. In 
four Iowa watersheds, gullies contributed 20 % of the sediment (Piest and Bowie, 
1974) while in other regions gullies can contribute up to 40 % (Casali et al., 2000). 
Intensive gully remediation decreased substantially, not just the sediment loads (by 
six times), but also the nutrient loads (by 50 %) (Sharpley et al., 1996). 
Land-use practice impacts 
Soil and sediment phosphorus concentrations, soil compaction and 
percentage of fine particles in the stream bed can all be heavily influenced by land-
use practices (Gburek et al., 2000; Mapfumo et al., 1999; Warren et al., 1986; Wohl 
and Carline, 1996). Intensive annual row-crop agriculture has maintained a surplus 
of phosphorus in the soil from phosphorus fertilizer and animal manure inputs 
(Sharpley et al., 1994) while in pastures soil phosphorus increases because of 
animal fecal depositions (During and Weeda, 1973). Tractors can exert pressures of 
0.03 to 0.15 M Pa while the animal hooves can exert pressures higher than 0.2 MPa 
(Profitt et al., 1993). Both tractor and livestock pressures can significantly increase 
soil compaction that leads to excessive overland flow. Finally in heavily agricultural 
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watersheds, excessive overland flow and stream and gully erosion can increase the 
fine sediment percentages in the stream bed substrates (Wohl and Carline, 1996). 
In most cases, increased stream and gully bank erosion is the result of land-
use practice changes that decreased vegetation cover, and root length and mass in 
the soil (Dunaway et al., 1994; Harvey, 1996; Kleinfelder et al., 1992; Schumm, 
1999). When stream and gully banks are covered with plant material, their 
roughness coefficient should increase, which in turn should decrease water velocity 
and power. Annual row-crops have shallow roots that are present for only part of the 
year. Heavy stocking rates in continuous-grazed pastures also reduces the number 
of roots on perennial pasture grasses that anchor the soil. Livestock trampling along 
and on the banks can increase stream and gully bank instability (Belsky et al., 1999). 
In Iowa, in the last 150 years, 99.9% of the tall-grass prairies were plowed, 
95% of the wetlands were drained, and 70% of the forests were cut (Whitney, 1994). 
In their place more than 90% of the land is in annual row-crop agriculture and 
continuously grazed cool-season grass pastures (Burkhart et al., 1994). Iowa's 
landscape has been more dramatically changed by agriculture than any other state 
in the United States (Dinsmore, 1994). 
These human induced land-use practice changes have replaced a dense 
plant community with numerous roots that used to cover the land year around with 
shallow-rooted row-crops that are present for only part of the year or perennial 
pastures grasses that also have reduced numbers of roots when overgrazed. The 
loss of this vigorous plant community with vigorous roots decreased the soil 
resistance to particle erosion shear stress and compression (Dunaway et al., 1994; 
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Kleinfelder et al., 1992). The end result was the total length, drainage density and 
channel frequency of intermittent streams has increased by more than 50% in most 
Iowa headwater watersheds (Andersen, 2000). These increases have led to more 
stream and gully bank eroding areas contributing to soil and phosphorus losses. 
The presence, density, and type of riparian and stream bank vegetation influences 
stream and gully bank erosion (Beeson and Doyle, 1995). 
In the Western United States, the influence of intensive rotational and 
rotational grazing on stream ecosystems has been studied by many researchers 
(Belsky et al., 1999). In contrast, only few studies have been conducted in the 
Midwest to evaluate the impacts of rotational and intensive rotational grazing on 
stream ecosystems (Lyons et al., 2000). More farmers in Iowa are adopting 
rotational and intensive rotational grazing and replacing traditional continuous 
grazing because these new practices better utilize pasture forages, thereby 
increasing profitability (Undersander et al., 1993; United States Department of 
Agriculture-Natural Resources Conservation Service, 1997c). There are also some 
indications that these two new grazing systems may increase stream and gully bank 
stability because they provide rest periods to the pasture paddocks (Undersander et 
al., 1993; United States Department of Agriculture-Natural Resources Conservation 
Service, 1997c) although more quantitative data is needed. In this study, we 
compared rotational and intensive rotational grazing to traditional Iowa practices like 
annual row-cropping and continuous grazing, to the two most common conservation 
practices in riparian areas, riparian forest buffers and grass filters, and to pastures 
that exclude cattle from the stream. 
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CHAPTER 2. PHOSPHORUS IN RIPARIAN AND STREAM BANK SOILS AND 
STREAM BED SEDIMENTS AND COMPACTION OF RIPARIAN SOILS UNDER 
DIFFERENT LAND-USE PRACTICES IN IOWA 
A paper to be submitted to the Journal of Soil and Water Conservation 
G.N. Zaimes, R.C. Schultz, T.M. Isenhart, S.K. Mickelson, J.L. Kovar, J.R. Russell 
and W.J. Powers 
Abstract 
Information about the source material are as important as understanding the 
pathways by which phosphorus is transported to surface waters. In this study, we 
estimated the total phosphorus concentrations of riparian and stream bank soils and 
stream bed substrate among several riparian land-use practices in northeast, central 
and southeast Iowa. We also measured the compaction of riparian soils in these 
land-use practices. The riparian land-uses were: riparian forest buffers, grass filters, 
pastures with the cattle excluded from the stream, intensive rotational, rotational 
pastures and continuous pastures and annual row-cropped fields. Soil samples from 
various landscape positions were measured with an alkaline oxidation method. The 
landscape positions were: riparian soils of 0-5 and 5-10 cm depths at 3, 6, 10, 15 
and 20 m from the stream edge on both sides of the stream, stream bank faces 
every 0.5 m starting from the top of the bank and stream bed substrate along the 
inside, outside bend and crossover. To observe soil compaction soil bulk density 
23 
samples were collected along with penetrometer resistance measurements in the 
riparian soils. Finally stream bed substrate composition was visually estimated. 
Total phosphorus concentrations of soils and sediments differed, depending if they 
were in riparian, stream bank or stream bed landscape positions. We did not see 
the differences between the treatments for total phosphorus concentrations. Soil 
compaction and stream bed substrate showed some differences between 
treatments. Differences between the source area characteristics were not significant 
probably because the riparian forest buffers, grass filters, intensive rotational 
pastures and rotational pastures were newly established and we were working in 
areas in and adjacent to the streams that have highly variable alluvial soils. 
Keywords: source areas, landscape positions, phosphorus pathways, total 
phosphorus, bulk density, penetrometer resistance, grazing practices, substrate 
composition 
Introduction 
Phosphorus has been identified as the primary nutrient limiting eutrophication 
of many surface waters (Correll, 1998; Daniel et al., 1998). Many agencies 
worldwide have recognized eutrophication as the main cause of water quality 
impairment (European Environment Agency, 1998; United States Environmental 
Protection Agency, 1996). Phosphorus inputs to surface waters have not decreased 
substantially despite the removal of most point sources of phosphorus indicating the 
importance of non-point sources (Sharpley et al., 2000). 
24 
To reduce non-point source phosphorus inputs into streams it is essential to 
understand the forms it moves in and the processes and pathways of its transport 
(Johnes and Hodgkinson, 1998). In most cases, phosphorus is transported attached 
to sediment (particulate phosphorus) (David and Gentry, 2000; Prairie and Kalff, 
1986; Sharpley and Smith, 1990). As a result, phosphorus losses are related to soil 
erosion processes and pathways. The dominant pathways of phosphorus transport 
are overland flow, stream bank erosion and stream bed sediment re-suspension 
(Daniel et al., 1994; Evans et al., 1997; House et al., 1998; Krovang et al., 2002; 
Sharpley et al., 1993). 
It is as important to know the soil characteristics of the source areas of the 
pathways of phosphorus transport as it is to identify the specific pathways of 
phosphorus movement (Kronvang et al., 2003). One such characteristic is total 
phosphorus concentration in both the soil and stream bed sediments. Accumulation 
of phosphorus in agricultural surface soils means that there is a larger pool of 
phosphorus available for transport (Haygarth et al., 1998; Pote et al., 1999). 
Kronvang et al. (2003) developed an empirical model to predict average non-point 
total phosphorus export for agricultural catchments in Norway. This model explained 
96% of the variance of total phosphorus export with soil total phosphorus one of the 
three explanatory variables. The export of suspended sediment was another 
variable, indicating the importance of erosion for phosphorus export. Another 
important soil characteristic is soil compaction because it can lead to increased 
overland flow (Thurow et al., 1988; Warren et al., 1986a) that increases soil erosion 
and phosphorus losses. Finally, percentage of finer particles in the substrate of the 
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stream bed is important because finer materials are more easily re-suspended and 
most phosphorus is attached to clay particles and organic matter (Sharpley and 
Smith, 1990). 
Soil and stream bed sediment phosphorus concentrations, soil compaction 
and percentage of finer particles in the stream bed can be heavily influenced by 
land-use practices (Gburek et al., 2000; Mapfumo et al., 1999; Warren et al., 1986a; 
Wohl and Carline, 1996). The first objective of this study was to examine if different 
source areas (different landscape positions) had significant differences in their total 
phosphorus concentrations (mg kg"1). Landscape positions considered were riparian 
soils (at two depths), stream bank face soils and stream bed sediments. The 
second objective was to compare the impact of different land-use practices on total 
phosphorus concentrations (mg kg"1) of two depths of riparian soils, of stream bank 
face soils and stream bed sediments. The third objective was to compare the impact 
of different land-use practices on soil compaction of riparian and stream bank face 
soils using bulk density (gr cm"1) and penetrometer resistance (MPa). The final 
objective was to compare the impact of different land-use practices on the 
percentage of the different particle substrates in the stream bed. The hypothesis for 
soil and stream bed sediment total phosphorus concentrations and percentage of 
finer particles in the stream bed was that they would increase in the following order: 
riparian forest buffers, grass filters, pastures with the cattle excluded from the 
stream, intensive rotational pastures, rotational pastures, continuous pastures and 
annual row-cropped fields. For soil compaction, we expected the same trend with 
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the difference that continuous pastures would have a higher compaction than row-
cropped fields. 
All treatment sites where located on private farms in three Iowa regions. 
During the study the owners managed their land as they normally would. Our goal 
was to evaluate the actual practices of Iowa farmers rather than conduct a rigidly 
controlled study on an agricultural research farm. Our belief was that it might be 
easier to convince local farmers to change their management practices by 
demonstrating the results from land-use practices on their own or their neighbor's 
farm. In Iowa during the last 150 years, 99.9% of the prairies were plowed, 95% of 
the wetlands were drained and 70% of the forests were cut in Iowa (Whitney, 1994) 
with most of the land being converted to annual row-crop agriculture and 
continuously grazed cool-season grass pastures (Burkhart et al., 1994). 
The uniqueness of this study is that it compares rotational and intensive 
rotational grazing to typical Iowa practices like annual row-cropping and continuous 
grazing and to conservation practices like riparian forest buffers and grass filters. 
Many studies have been conducted in the Western United States on the influence of 
intensive rotational and rotational grazing on stream ecosystems but few have been 
conducted in the Midwest (Lyons et al., 2000). Rotational and intensive rotational 
grazing are slowly replacing traditional continuously grazing in Iowa because these 
new practices better utilize the pasture forages increasing profitability (Undersander 
et al., 1993; United States Department of Agriculture-Natural Resources 
Conservation Service, 1997a). In addition, these two new grazing systems may be 
more environmentally friendly because they provide rest periods for certain parts of 
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the pasture (Undersander et al., 1993; United States Department of Agriculture-
Natural Resources Conservation Service, 1997a), but more quantitative data is 
needed. 
Method and Materials 
Study area: The research was conducted in northeast, central and southeast 
Iowa. Northeast and southeast Iowa were selected because these are two of the 
major regions of livestock grazing. These two regions were compared to sites that 
were already being monitored as part of the on-going study of the Bear Creek 
National Restoration Demonstration Watershed (Clean Water Action Plan, 1999) in 
the central region. The northeast region landforms are the lowan Surface and the 
Paleozoic Plateau landforms (Prior, 1991). The lowan Surface is dominated by 
gently rolling terrain created by material loosened and moved by many strong 
weathering events under the tundra and permafrost conditions during the last 
glaciation period. The Paleozoic plateau has narrow valleys in sedimentary rock and 
almost no glacial deposits. It has numerous caves, springs, and sinkholes because 
of the shallow limestone. The Des Moines Lobe is the landform in the central region 
(Prior, 1991). It has poorly developed natural drainage and subtle terrain with areas 
of broad curved bands or ridges, knobby hills and prairie pothole wetlands because 
it is the most recently glaciated landscape of Iowa. The Southern Iowa Drift Plain in 
southern Iowa, has many rills, creeks, and rivers, with steeply rolling hills and valleys 
(Prior, 1991). Stream erosion has deepened into the glacial material deposited 
500,000 years ago while a mantle of loess covers the slopes and hills. 
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Treatments: The riparian land-use practice treatments compared were 
riparian forest buffers, grass filters, pastures with the cattle excluded from the 
stream, intensive rotational, rotational and continuous pastures and annual row-
cropped fields. The first two treatments are the main conservation practices in 
riparian areas of Iowa. Riparian forest buffers consist of tree, shrub and warm 
season grass zones (United States Department of Agriculture-Natural Resources 
Conservation Service, 1997b). In one case, we used a natural riparian forest 
instead of a riparian forest buffer. Grass filters in this study consisted of cool-season 
grasses (United States Department of Agriculture-Natural Resources Conservation 
Service, 1997c). All conservation practice sites selected had been established for at 
least five years. 
The last two treatments compared are traditional Iowa farming practices. The 
annual row-crops of corn (Zea mays L.) and soybean (Glycine max (L.) Merr.) were 
grown in alternating years. Many of these fields had a narrow strip [< 4 m (13 ft)] of 
grasses and annual weeds along the stream bank, although many stream banks 
were cropped up to the bank edge. In continuous pastures, the cattle had full 
access to the stream and the entire pasture throughout the grazing period. In 
northeast and central Iowa, continuous grazing started in early May and ended in 
early November while in southeast Iowa the cattle were left on the pastures 
throughout the year. In the southeast during the winter months, the cattle were fed 
with supplemental hay. 
Intensive rotational and rotational pastures were also grazed from early May 
to early November in all regions. These grazing practices are slowly gaining 
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acceptance by farmers because they better utilize the pasture forages that increase 
profitability (Undersander et al., 1993; United States Department of Agriculture-
Natural Resources Conservation Service, 1997a). In rotational grazing, pastures 
were divided into 2-3 paddocks. Each paddock was grazed 15-30 days and rested 
for 30 days. In intensive rotational grazing, the pastures were divided into more than 
6 paddocks. Each paddock was grazed 1-7 days and rested for 30-45 days. Sites 
with both these practices were selected only if they had been established for at least 
three years. We must note that all landowners started and ended grazing on 
different dates for each pasture management practice that led to different number of 
grazing days for each pasture treatment site. 
We also located pastures where the stream was completely excluded to cattle 
for at least three years. In these pastures, fences were at least 3-10 m from the 
stream banks on both sides of the channel. This is a practice that many Iowa 
landowners are not willing to accept because the stream is the main water source for 
the cattle and they are concerned about the care and high cost of maintaining the 
fences. All pastures were grazed by beef cattle and had cool season grasses such 
as Kentucky bluegrass (Poa pratensis L), tall fescue (Festuca arundinacea 
Schreb.), reed canary grass (Phalaris arundinacea L), smooth bromegrass (Bromus 
inermis L.) orchardgrass (Dactylis glomerata L), white clover (Trifolium repens L.) 
and red clover (Trifolium pratense L). 
After meeting with more than 70 landowners and visiting more than 120 sites 
over a six month period, we selected 30 sites. All our sites were located on 1-3 
order deeply incised streams. Unfortunately, we did not find suitable examples of all 
treatments in every region. In the northeast region we only had four treatments: 
riparian forest buffers, pastures with the cattle excluded from the stream, intensive 
rotational pastures, and continuous pastures (Table 1). In the central region, we had 
five treatments: riparian forest buffers, grass filters, rotational pastures, continuous 
pastures and annual row-cropped fields (Table 1). In the southeast region, we also 
had five treatments: grass filters, pasture with the cattle excluded from the stream, 
intensive rotational pastures, rotational pastures, and continuous pastures (Table 1). 
Phosphorus concentrations, field sampling. Soil samples for total 
phosphorus analysis were collected from the source areas (different landscape 
positions) of the major pathways of phosphorus transport. The source areas of the 
major pathways are represented by following landscape positions: riparian area soils 
(overland flow), stream bank face (bank erosion) and the stream bed (bed re-
suspension). 
From the riparian areas, soil samples were collected from 0-5 and 6-15 cm 
depths along three transect lines at distances of 3, 6, 10, 15, and 20 m from the 
stream bank edge on both sides of the stream (Figure 1a). Transects only extended 
out 20 m because many of the pasture treatments where not much wider than that. 
Another reason was that many researchers believe that most of the sediment and 
nutrient contributions to streams come from these narrow bands along the stream 
(Johnes and Heathwaite, 1997; Wilkin and Hebel, 1982). Gburek et al., (2000) 
found that soil phosphorus levels within 60 m of the stream are more important than 
the soil phosphorus in the rest of the watershed. We must note that in the pastures 
with the stream fenced to the cattle we conducted our sampling only within the 
31 
fenced areas where the cattle did not have access. Typically this distance was less 
than 20 m from the stream edge. 
To select the placement of the transect lines in each treatment reach we 
identified all severe stream bank eroding sites because we wanted each transect to 
be associated with at least one severely eroding stream bank side. Then three of 
the severe eroding stream bank sites were randomly selected with the soil sampling 
transect line running perpendicular to the stream bank. Both sides of the stream 
were sampled to compare the more depositional sandbars with their coarser material 
to the eroded outside bend with its finer textured materials. Sites near the stream 
have greater potential of contributing non-point source pollutants (sediment and 
particulate phosphorus) than the sites further from the channel so the transect 
distances were separated into far (10, 15 20 m) and near (3 and 6 m) sites. At each 
sample location three soil cores were collected and combined into one composite 
sample. A 15x3 cm soil core sample was collected. Soil samples were divided into 
two depths; 0-5 cm and 6-15 cm. Fifteen centimeters is the typical sampling depth 
for agronomic phosphorus tests and the 0-5 cm depth was selected because 
Sharpley et al. (1994) recommends that depth as the maximum zone of interaction 
between overland flow and the soil. 
We were also very interested in looking at stream bank face (landscape 
position) soil phosphorus concentrations because researchers suggest that stream 
bank sediments could reduce phosphorus concentrations in streams as these soils 
are phosphorus deficient (Kunishi et al., 1982). The stream bank face soil samples 
were collected only from the severe eroding banks by continuing the transect lines of 
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the riparian soils samples on the stream bank face (Figure 1a and b). Starting at the 
top of the stream bank (0.0 m), two 5x3 cm soil cores were collected every 0.5 m 
from the top to the bottom of the bank and consolidated into one sample for each 
depth (Figure 1b). To compare phosphorus concentrations between locations on the 
stream bank face, we grouped soil samples into: top (0.0 m) middle (0.5, 1.0 m) and 
bottom (1.5, 2.0 m) because the number of soil samples from each stream bank face 
depended on the stream bank height, which differed between many stream reaches. 
Many researchers have found that total phosphorus concentrations change with 
depth (Pearson, 1940; Ridley, 1984). 
Finally, 5 cm long sediment samples were collected from the stream bed 
(landscape position) along the same transects that soil samples from the riparian 
and stream bank face were collected by extending the transect lines across the 
stream bed. Along each transect, one sediment sample was collected from each of 
the three following locations: inside and outside bend that were on the transect line 
and from the downstream thalweg crossover of the stream bed closest to the 
transect line (Figure 1 c). These three zones represented different stream bed 
regimes. The inside bend experiences depositional processes, the outside bend 
experiences erosional processes while the crossover point should have the coarser 
material because the stream velocity is faster than the other two regimes. Stream 
bed samples were collected every season except winter in 2002. Dorioz et al., 
(1998) found that during different seasons, different flow regimes influenced 
deposition, uptake and adsorption of phosphorus by bed materials, which can 
increase stream bed phosphorus concentrations, and re-suspension of sediments, 
which, in contrast, can decrease phosphorus concentrations in the stream bed 
sediments. 
Phosphorus concentrations, laboratory analysis. Sharpley et al. (1994) 
observed that agricultural soil tests may be very efficient in evaluating the efficiency 
for nutrient management programs, but are not as useful for environmental 
purposes, because they underestimate soil total phosphorus buildup that is a major 
environmental concern. An indicator of the ineffectiveness of agronomic tests from 
an environmental prospective is that many areas in the United States have high and 
high very agricultural soil phosphorus (Sharpley et al., 1994). In Iowa specifically, 
56% of agricultural soils tested for phosphorus were high or very high in 1989 
(Sharpley et al., 1994). Increasing soil phosphorus concentrations increases the 
potential of non-point source phosphorus pollution to surface water. In this study, 
instead of measuring only one of the ionic forms of soil phosphorus often used in 
agricultural tests, we measured total phosphorus because all phosphorus forms 
have the potential to be mobile at some time and cause eutrophication (Haygarth 
and Jarvis, 1999). To get the full impact of phosphorus losses to the aquatic 
ecosystems both dissolved and particulate phosphorus must be measured (Correll, 
1998; Stevens et al., 1999). 
Soil samples were air dried for 48 hr and then sieved through a 2 mm screen. 
Soil samples were digested with a sodium hypobromide solution (Dick and 
Tabatabai, 1977) and the extracted phosphorus identified colorimetrically by a 
modified molybdenum blue reaction (Murphy and Riley, 1962). This method was 
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used because it is accurate and rapid, allowing us to digest approximately 2,500 soil 
samples in a relatively short period of time. 
Soil compaction. Soil bulk density samples for the riparian and stream bank 
soils were collected at the same locations and time as the soil phosphorus samples 
(Figure 1a, 1b). Three soil cores were collected from the riparian areas and two 
from the stream bank face at each sampling location and consolidated into one soil 
bulk density sample for each distance of the riparian soils and depth of the stream 
bank face soils. A sample core 7.5x3 cm (Naeth et al. 1990) was collected with a 
soil probe, because studies have shown that cattle trampling increased soil 
compaction down to depths of 7 to 10.5 cm (Mulholland and Fullen, 1991). The bulk 
density soil samples were weighed after drying for 1 d at 105 °C (221 °F) (Blake and 
Hartge, 1986). 
In addition to bulk density measurements, we used a soil penetrometer with a 
cone diameter of 1.29 cm (Bush, Mark 1 Model 1979, Findlay, Irvine Ltd, Penichuk, 
Scotland, UK) to measure resistance (Bradford, 1986) only in the riparian soils 
(Figure 1 a). Penetration resistance and bulk density are the most common 
parameters used to evaluate soil compaction (Mapfumo et al., 1997). Bulk density is 
more variable and less sensitive to soil compaction than penetrometer resistance 
(Rodd et al., 1999) although not many studies have used penetrometer resistance to 
investigate the impact of animal trampling on soil compaction (Chanasyk and Naeth, 
1995). Three penetrations were taken at the same distances as soil sampling for 
bulk density (Figure 1 a). Penetrometer measurements were taken at depth 
intervals of 3.5 cm. For statistical analysis, only the penetrometer resistance 
measurements at depths of 3.5, 7.0 and 10.5 cm were considered because those 
are the depths where most of the structural damage from trampling occurs 
(Mulholland and Fullen, 1991). Along with penetrometer resistance measurements, 
soil samples were collected to estimate soil moisture at two depths 0-5 cm and 6-15 
cm. In addition, we compared the depth to the hardpan (cm) if one existed. By this, 
we meant the depth that the penetrometer could reach unimpeded. The maximum 
depth the penetrometer could reach was 38.5 cm at a resistance lower than 3.1 
MPa. The depth to the hardpan parameter could be an indicator of how far the 
water could infiltrate before percolating laterally through the profile. 
Stream bed survey. Twenty transects spaced at two mean stream widths 
apart were taken at each treatment site for the stream bed survey in 2002 (Heitke, 
2002; Simonson et al., 1994). This survey was conducted at the same time as bed 
samples were collected for phosphorus analysis to estimate the composition of bed 
substrate in streams with different land-use practices because it can influence total 
phosphorus concentrations in the bed sediments. In the northeast, the stream bed 
survey was conducted during the middle of the August, in the central, at the end of 
September and the beginning of October and in the southeast, at the beginning of 
October. When the bankfull stream channel width was 5-10 m, four transect points 
were taken and when the width was less than 5 m, two transect points were taken. 
Transect points were equally spaced along the width of the stream bed. Within a 
0.25 m2 (0.5 m x 0.5 m) plot centered at each transect point, substrate composition 
was estimated visually as a percentage of: coarse particulate organic matter, clay 
(<0.004 mm), mud/silt (0.004-0.062 mm), sand (0.062-2 mm), gravel (2-64 mm), 
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cobble (64-256 mm), boulder (>256 mm), bedrock (solid, uniform rock), and other 
(Heitke, 2002; Simonson et al., 1994). 
Data analysis. The mixed SAS procedure was used to conduct the analysis 
of variance because the datasets were unbalanced. The model used for total 
phosphorus, bulk density and penetrometer resistance in the riparian soils included, 
regions, treatments, locations and distances. Locations referred to whether the soil 
samples were on the side with severe eroding stream bank or not (Figure 1a). 
Distances had two variables near (3 and 6 m from the stream) and far (10, 15 and 
20 m from the stream). On the stream bank face landscape position, the model 
used for the total phosphorus and bulk density included regions, treatments, and 
locations. The variables for locations were top (0.0 m) middle (0.5, 1.0 m) and 
bottom (1.5, 2.0 m) (Figure 1b). The middle and bottom location heights varied 
depending on the actual stream bank face height. For the stream bed sediment, the 
total phosphorus concentrations model included regions, treatments, seasons and 
locations. Seasons included spring, summer and fall of 2002 while locations 
included crossover, inside bend and outside bend (Figure 1 c). For the stream 
survey each substrate and number of substrates observed were compared between 
regions and treatments. The Ismeans pd/ff command of the SAS mixed procedure 
was used to do specific mean comparisons between regions, treatments, positions, 
distances, seasons and/or locations. Differences were significant when p-values 
were less than 0.0100. 
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Results and Discussion 
Phosphorus concentrations. Overland flow, stream bank erosion and 
stream bed re-suspension are the major pathways of phosphorus transport in 
surface waters (Krovang et al., 2002; House et al., 1998, Evans et al., 1997; Daniel 
et al., 1994; Sharpley et al., 1993). Although it is very important to understand the 
mechanisms of these pathways, it is also very important to know the total 
phosphorus concentrations of the source areas for these pathways (Krovang et al., 
2002). Many important relationships have been found between soil phosphorus 
concentrations and phosphorus losses to surface waters in grassland (Smith et al., 
1995), arable land (Heckrath et al., 1995) forest and row-cropped (Sharpley et al., 
1994) watersheds. The main pathway source areas in this study were represented 
by four landscape positions, riparian area soils at two depths (overland flow), stream 
bank face soils (stream bank erosion) and in stream bed sediments (stream bed re-
suspension). We did not include uplands in our evaluations because soil 
phosphorus concentrations in areas in and near the stream are more important than 
the soil phosphorus concentrations of the whole watershed (Gburek et al. 2000) as 
they have a greater probability of reaching surface waters (Heathwaite et al., 2000). 
Comparing mean total phosphorus concentrations based on soil samples 
from the riparian soils (both depths), stream bank soils and stream bed sediments 
(all four landscape positions pooled) of all treatments in each region, the southeast 
sites had the highest total phosphorus concentrations (544 mg kg"1) which were 
significantly different from the concentrations in the northeast region (485 mg kg"1, 
p=0.0765) and the central region (419 mg kg"1, p=0.005). Differences in total 
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phosphorus concentrations were also significant between the central and northeast 
region (p=0.0447). When comparing each of the four landscape positions of each 
region, we do not see the same trend. In the shallow depths (0-5 cm) of the riparian 
soils, total phosphorus decreased in the following order: northeast (632 mg kg"1) 
central (592 mg kg"1) and southeast (587 mg kg"1) while at the deeper depths (6-15 
cm) of the riparian soils, the order changed to: northeast (536 mg kg"1), southeast 
(510 mg kg"1) and central (483 mg kg"1), although none of the differences were 
significant. Total phosphorus concentrations decreased at the deeper depths of the 
riparian soils, although not at a consistent rate for each region, but differences were 
significant among regions (northeast and central p=0.0080, southeast p=0.0654). 
The fact that the shallow depth (0-5 cm) of the riparian soils had higher total 
phosphorus concentrations than the deeper depths is very important because this is 
the zone of maximum interaction between sediment and overland flow (Sharpley et 
al., 1994). By using the traditional 15 cm soil sampling depth, the accumulation of 
phosphorus at the soil surface (especially in pastures) can be masked (Haygarth 
and Jarvis, 1999) and as a result the estimates of particulate phosphorus transport 
to stream by overland flow might be underestimated. 
Total phosphorus concentrations of the stream bank face were highest in the 
northeast (479 mg kg"1) followed by the southeast (467 mg kg"1) and central (360 mg 
kg"1) region. Total phosphorus concentrations in the central region were significantly 
lower than both the northeast and southeast (both comparisons p<0.0078). Finally, 
total phosphorus in the stream bed sediments was significantly higher in the 
southeast region (606 mg kg"1) than in both the northeast (282 mg kg"1) and the 
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central region (235 mg kg"1, (both comparisons p<0.0005). The high total 
phosphorus concentration in the stream bed in the southeast region is a result of the 
much higher clay concentrations in the stream bed substrate (discussed in following 
"stream bed survey" section). Differences in total phosphorus concentrations 
between the regions were expected because landforms can influence soil 
phosphorus concentrations. Pearson (1940) found differences in soil total 
phosphorus concentrations in Iowa depending on whether the soil was developed in 
loess or glacial till material. Another interesting part of the results is the different 
trends of total phosphorus concentrations for each region in the different landscape 
positions. This indicates that in each region, different pathways might be more 
significant for phosphorus transport that could lead to different management 
practices to minimize phosphorus transport to surface waters. 
We continued by comparing differences in total phosphorus concentrations 
between the four landscape positions for each treatment within a region (Figure 2a, 
b, c) (Table 2). The first comparisons were made between the two depths in the 
riparian soils. Cooper and Gilliam (1987) found that total phosphorus concentrations 
decreased with depth in upland and riparian soils. In pastures, feces deposition on 
the surface leads to phosphorus build up in the upper soil layers while in row-
cropped fields, fertilizer and manure applications also increase soil phosphorus 
concentrations (Haygarth and Jarvis 1999). So we expected the phosphorus 
concentrations of the shallow depths (0-5 cm) of the riparian soils to be higher than 
deeper depths (6-15 cm). Although when consolidating all the samples of all 
treatments within a region, the differences between the shallow and deeper depths 
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were significant, this was not the case for the soil total phosphorus concentrations of 
among treatments within a region. All treatments, except one, in all regions followed 
the trend of higher phosphorus concentrations in the shallow depth (0-5 cm) of 
riparian soils than in the deeper depth (6-15 cm), but the differences were only 
significant in the continuous pastures in northeast Iowa (Table 2, Figure 2a, b, c). 
This is surprising but we attributed it mainly to the fact we are dealing with soils in 
riparian areas that have more natural disturbances events (erosion and deposition) 
than upland soils and as a result riparian soils are much less cohesive and more 
irregular (Schumm et al., 1984). The number of disturbance events is even higher in 
smaller order streams. In addition, the continuous agriculture activities on all our 
sites over the last 50 years might have led to accumulation of higher total 
phosphorus concentrations even in deeper depths. 
Total phosphorus concentration comparisons between the different depths (0-
5 cm) and (6-15 cm) of the riparian soils, the stream bank soils and the stream bed 
sediments for each treatment within each region will be discussed separately by 
region because they followed slightly different trends. In the central region the total 
phosphorus in the shallow depth (0-5 cm) of the riparian soils was always 
significantly higher than those in the stream bank soils and stream bed sediments 
(Table 2; Figure 2a). Total phosphorus concentrations in the deeper depth (6-15 
cm) were statistically higher than those in the stream bed sediments in all 
treatments. Only in the row-cropped fields was the total phosphorus in deeper depth 
(6-15cm) of riparian soils statistically higher than in the stream bank soils (Table 2, 
Figure 2a). Finally, stream bank soil total phosphorus concentrations were 
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statistically higher than those in the stream bed sediments in all treatments except 
grass filters. Overall, the general trend of higher total phosphorus concentrations in 
the central region (Figure 2a) for most treatments was: shallow depths (0-5 cm) 
riparian soils, deeper depths (6-15) riparian soils, stream bank soils and stream bed 
sediments although differences were not always significant. 
In the northeast region, the trend was similar to the central region for total 
phosphorus concentrations in most treatments (Table 2, Figure 2b). The total 
phosphorus concentrations in the shallow depth (0-5 cm) of the riparian soils were 
higher (not always statistically) for all treatments than that in the stream bank soils 
and in the stream bed sediments. The total phosphorus in the deeper depth (6-15 
cm) was always statistically higher than the stream bed sediments in all treatments 
except in the continuous pastures but not statistically higher from the stream bank 
soils phosphorus concentrations. Finally, total phosphorus concentrations in the 
stream bank soils were statistically higher than those in the stream bed sediments, 
in all treatments except again in the continuous pastures. 
In the southeast region the total phosphorus concentration trend deviated 
from the northeast and central region, especially in the stream bed (Table 2, Figure 
2c). Total phosphorus concentrations in the stream bed were particularly high and in 
some treatments even higher than in the shallow depth (0-5 cm) of the riparian soils. 
This is primarily because of a significantly higher percentage of clay in the substrate 
(discussed in the following "stream bed survey" section) in this region. An increase 
in the percentage of clay in sediments can lead to an increase in total phosphorus 
concentrations in the sediments (Cooper and Gilliam, 1987). Although differences 
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between the total phosphorus concentrations in the shallow depth (0-5 cm) of the 
riparian soils and the stream bed sediments were always significantly different for all 
treatments, the trend was not always the same. In intensive rotational pastures and 
pasture with the stream excluded to cattle treatments, the stream bed sediments had 
the highest total phosphorus concentrations while in others the shallow depth (0-5 
cm) of the riparian soils were the highest. Total phosphorus concentrations in the 
stream bed sediments of the intensive rotational pasture and pasture with the stream 
excluded to cattle were also significantly higher than those in the 6-15 cm depth of 
soil. As for the total phosphorus concentrations in the stream bank soils the 
concentrations were significantly lower than those in the shallow depth (0-5 cm) 
riparian soils of continuous pastures, intensive rotational pastures and grass filters. 
We expected the differences in total phosphorus between landscape 
positions to be different in the different regions because our sites were in different 
landforms. Soil phosphorus concentrations can vary depending on parent material, 
soil order and texture (Daniel et al., 1994; Pearson et al., 1940; Troeh and 
Thompson, 1993). The parent material in all sampling sites was alluvium, but 
differed because the alluvium originated in different landforms. In addition, the sites 
in the southeast region appeared to have a higher percentage of fine substrate 
particles, especially clay. The southeast region had very high total phosphorus 
concentrations in stream bed sediments; in many cases higher than the shallow 
depth (0-5 cm) of riparian soils suggesting that stream bed re-suspension could be a 
major pathway of phosphorus transport. This result indicates that in different 
landforms, different pathways of phosphorus to surface waters might be more 
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significant and that a management plans to reduce phosphorus may differ in 
different landforms. 
Total phosphorus in the shallow depth (0-5 cm) of riparian soils were always 
significantly higher in the northeast and the central regions and in some cases in the 
southeast regions than the stream bank soils and the stream bed sediments. This 
result is an indication that agricultural practices have provided a phosphorus surplus 
to these soils (Haygarth and Jarvis, 1999) that has accumulated in the top 
centimeters of the soils (Sharpley et al., 1994). Stream bank soil phosphorus 
concentrations were significantly lower in most cases than the shallow depth (0-5 
cm) of riparian soils but because of their proximity to the stream and high soil loss 
from stream bank erosion in Iowa can be a very important pathway (Zaimes et al., 
2004). In contrast, Laubel et al. (2003) found soil total phosphorus concentrations in 
the stream banks were lower than the riparian areas although differences were not 
significant because of high soil phosphorus concentrations variability. 
Land-use practices can have a major impact on soil total phosphorus 
concentrations. Intensive annual row-crop agriculture can maintain a surplus of 
phosphorus from phosphorus fertilizers and animal waste inputs (Sharpley et al., 
1994), while in pastures soil phosphorus can increase because of animal fecal 
depositions (During and Weeda, 1973). We expected total soil phosphorus 
concentrations to decrease in the following order: annual row-cropped fields, 
continuous pastures, rotational pastures, intensive rotational pastures, pastures with 
the cattle excluded from the stream, grass filters, and riparian forest buffers. 
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When comparing treatment means within a region pooled over all four 
landscape positions, the differences were not statistically significant in the central 
region, and only significant between the continuous pastures (higher total 
phosphorus concentration) and riparian forests (p=0.0395) in the northeast. In the 
southeast region, surprisingly the pasture with the stream excluded had significantly 
higher total phosphorus concentrations than the continuous and rotational pastures 
and grass filters (all comparisons p<0.0144). The intensive rotational pastures also 
had higher total phosphorus concentrations than the continuous and rotational 
pastures and grass filters (all comparisons p<0.0123). This result is attributed to the 
high total phosphorus concentrations in the stream bed sediments that will be 
discussed in more detail in the following section (stream bed survey). 
The expected trends and differences of soil total phosphorus between 
treatments within a region were not evident based on the mean from all four 
landscape positions. Combining the total phosphorus concentrations of all four 
landscape positions increased soil and stream bed sediment total phosphorus 
concentration variability and might have masked any differences between treatments 
within a region. In addition, we did find significant differences between the four 
landscape positions for each treatment within a region (discussed earlier in this 
section). Surprisingly, even when the four landscape positions were considered in 
the statistical model, the total phosphorus concentrations between treatments in the 
central region had no significant differences. In the northeast region, differences 
were significant in the shallow depth (0-5 cm) of the riparian soils between the 
continuous pastures (higher) and the pasture with the cattle excluded from the 
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stream (p=0.0572), the intensive rotational pastures (p=0.0455) and the riparian 
forest buffers (p=0.0106). Similarly, the continuous pastures had significantly higher 
total phosphorus concentrations in stream bed sediments than the pasture with the 
cattle excluded from the stream (p=0.0006), the intensive rotational pastures 
(p=0.0981 ) and the riparian forest (p=0.0077). In addition, pastures with the cattle 
excluded from the stream had lower total phosphorus concentrations in the stream 
bed sediments than the intensive rotational pastures (p=0.0462). The differences 
observed were expected because land-use management practices should have the 
greatest impact on the shallow depth (0-5 cm) riparian soils because of fertilizer, 
manure and animal feces inputs (Sharpley et al., 1994) and in the stream bed 
sediments because overland flow and stream bank erosion can increase the 
percentage of fine particles in the bed substrate (embedded) (Lyons et al., 2000). 
The southeast region had the most significant differences between treatments 
although in many cases not the expected trends. The pasture with the cattle 
excluded from the stream and the intensive rotational pastures had the highest 
phosphorus concentrations in the stream bed and were significantly different from 
the continuous pastures, the rotational pastures and the grass filters (all 
comparisons p<0.0001). This result is primarily attributed to the high clay 
percentages in the substrates of both the pasture with the cattle excluded from the 
stream and the intensive rotational pastures compared to the continuous and 
rotational pastures, but does not explain the differences with the grass filters that 
also had high percentages of clay in the substrate (discussed in following "stream 
bed survey" section). In the shallow depth (0-5 cm) riparian soils, the intensive 
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rotational pasture had higher total phosphorus concentrations than the continuous 
pastures (p=0.0575), the rotational pastures (p=0.0396), the grass filters (p=0.0212). 
Interestingly the pastures with the lowest total phosphorus concentrations in this 
region were the only ones that were fertilized or had manure applications (Table 1). 
Finally in the stream bank soils, the continuous pastures had significantly lower total 
phosphorus concentrations than the pasture with the cattle excluded from the stream 
(p=0.0839) and the intensive rotational pastures (p=0.0555). In general, the grass 
filters and the continuous and rotational pastures had the lowest soil total 
phosphorus concentrations. 
In our statistical model we included distances (near and far), locations 
(eroding side nor eroding side) and distances by locations hoping to explain some of 
the total phosphorus concentrations variability that led to differences between 
treatments within a region, in the shallow depth (0-5 cm) and deeper depth (6-15 
cm) of the riparian soils. The hypothesis was that soil samples taken from the non-
eroding side (location) would have less phosphorus because it has coarser material. 
These comparisons had some significant differences but not any real trends. 
Gburek et al. (2000), measuring riparian soil phosphorus concentrations 
(Melhich III method) in watershed in Pennsylvania, found that row-cropped sites had 
> 200 mg kg"1, grazed sites 100-200 mg kg"1 and woodlands had the lowest with 
only 30 mg kg"1. In the past phosphorus inputs in row-cropped fields from fertilizers 
and animal waste in the soil exceeded crop intake, increasing soil phosphorus 
concentrations (Pote et al., 1996). Similarly, in pastures animal feces have high 
phosphorus concentrations that lead to phosphorus accumulation in the top soil 
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(Haynes and Williams, 1993). In our study these differences between treatments 
were not evident. One of the main reasons is the past land-use history of the 
conservation practices and new pasture systems reaches. Typically, all of these 
sites had been in either continuous grazing or annual row-cropping for decades and 
most had only been in their new treatment for 5 years or less. Once the soil 
phosphorus concentrations reach high levels, it takes considerable time to be 
depleted from the soils (Sharpley et al., 1994). Riparian soils also are highly 
variable because of frequent disturbances by the stream (erosion and deposition) 
(Riecken and Poetsch, 1956; Schumm et al., 1984), 
When comparing stream bank total phosphorus concentrations among 
treatments within a region there were not many differences. Therefore, the next step 
was to incorporate locations (top, middle and bottom) in the statistical model. The 
goal was to reduce the variation in the stream bank soils phosphorus concentrations 
and show significant differences between treatments. Again, no significant trends 
were seen. In soil profiles, total phosphorus concentrations are typically high at the 
top and the bottom and decrease in the densest rooting zone (in our case the middle 
position) (Pearson et al., 1940). Typically these soil profiles were in uplands and not 
close to the stream. Upland soils tend to have less natural disturbances like erosion 
and deposition from the stream compared to riparian areas. As a result, riparian 
bank soil profiles are much more irregular and less cohesive (Riecken and Poetsch, 
1956; Schumm et al., 1984). A study that collected soil samples along the stream 
bank face found that soil phosphorus concentrations were higher in the top part of 
the bank compared to the bottom although differences were not significant (Laubel 
et al., 2003). This result was not very clear in our study although we also had high 
variability in total phosphorus concentration in the stream bank face as did the 
previous study (Laubel et al., 2003). 
Finally, there were no significant differences between locations, seasons and 
locations by seasons in the stream bed sediment total phosphorus concentrations 
for each treatment within a region in almost all cases. We expected the different 
processes taking place in the inside bend, outside bend and crossover to influence 
the stream bed substrate and, therefore the total phosphorus concentrations in the 
sediment (Sharpley and Smith, 1990). One of the main reasons we did not see the 
expected differences is because all our streams had high percentages of mud/silt in 
all locations of the stream bed, a sign of embeddedness and disturbed streams. 
Dorioz et al. (1998) found that high discharge events in the spring and fall 
lead to re-suspension of bed sediments which tended to reduce phosphorus 
concentrations because the fines with the adsorbed phosphorus are lifted and 
floated away leaving the coarser sediment with lower phosphorus concentrations. 
During base-flow conditions in summer, uptake and adsorption of phosphorus from 
the water column by the bed sediment and deposition of fine sediments should 
increase phosphorus concentration. In our case, the lack of seasonal differences 
could be caused by working in small streams while Dorioz et al. (1998) work with 
rivers. Our streams were 1-3 order (Strahler, 1957) and discharge (flow regimes) 
can be influenced by much smaller precipitation events than the large rivers. 
The soil total phosphorus concentrations of the riparian soils (both depths) 
and stream bank soils were within the range of 300-1,200 mg kg"1 that phosphorus 
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occurs naturally in soil, although phosphorus concentration can vary from 100-2,500 
mg kg"1 (Daniel et al., 1994). For the landscape positions, we did observe the 
expected trends in most cases in soil total phosphorus concentrations (Figure 2a, b, 
c) although differences were not always statistically significant. For the shallow 
depth (0-5 cm) riparian soils, the mean total phosphorus concentrations fell between 
the range of 510-1,200 mg kg"1 measured in agricultural alluvial soils from France 
(Dorioz et al., 1998), but were lower than agricultural alluvial soils from two Belgium 
watersheds (670 mg kg"1) (Steegen et al., 2001 ). Our shallow (0-5 cm) and deeper 
depth (6-15 cm) riparian soils total soil phosphorus concentrations fell within the 
range Pearson et al. (1940) found for the top horizon of a number of Iowa soils (385-
860 mg kg"1). The only alluvial soils sampled by Pearson et al., (1940) had 537-545 
mg kg"1 of total phosphorus concentrations that were slightly lower than what we 
found in all our regions. Ridley, (1984) observed an even greater range of total 
phosphorus concentrations (-550-1050 mg kg"1) in eight different alluvial soils in 
Iowa. Our shallow depth (0-5 cm) riparian soils total phosphorus concentrations fell 
closer to the lower end of the range that Ridley (1984) observed although our deeper 
depth (6-15 cm) riparian soils were below that range. Our riparian soil (both depths) 
total phosphorus concentrations had a wide range of values similar to the French 
(Dorioz et al., 1998) and Iowa (Pearson et al., 1940; Ridley, 1984) alluvial soils. 
These highly variable phosphorus concentrations indicate the fact that alluvial soils 
are very irregular in texture and heavily disturbed compared to upland soils (Riecken 
and Poetsch, 1956; Schumm et al., 1984). 
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Stream bank soil total phosphorus concentrations in the northeast and 
southeast region of our project were similar to the mean phosphorus concentrations 
from the stream bank soils from an agricultural watershed in Minnesota (441 mg kg" 
1), but were much lower in our central region. The stream bank soil phosphorus 
concentration in a French agricultural watershed averaged 410 mg kg"1 (Dorioz et 
al., 1998) and was lower than those in the northeast and southeast regions of our 
study but higher than those in the central region. In the regions of this study, stream 
bank total phosphorus concentrations were much lower than stream bank 
concentrations from many watersheds in Denmark that had averaged 640 mg kg"1 
(Laubel et al., 2003). The common theme with the stream bank soil total 
phosphorus concentrations in the Danish watersheds and ours was the high 
variability (Laubel et al., 2003). 
Finally, stream bed sediment total phosphorus concentrations in the northeast 
and central regions of this study in most cases were lower than stream bed total 
phosphorus concentrations found downstream from natural areas in a French 
watershed (420 mg kg"1) (Dorioz et al., 1998). In the southeast the range of 
phosphorus concentrations in stream bed sediments between treatments was much 
broader. As a result the stream bed sediment total phosphorus concentrations from 
the continuous and rotational pastures and grass filters was similar to those 
downstream from natural areas in a French watershed (420 mg kg"1) while for the 
intensive rotational pastures and the pasture with stream excluded to cattle the 
sediment phosphorus concentrations were even higher than downstream sediment 
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concentrations from agricultural areas (590 mg kg"1) in the same French watershed 
(Dorioz et al., 1998). 
The differences of total phosphorus concentrations among treatments within a 
region (Figure 2a, b, c) were not significant in most cases. In the northeast, we did 
find some of the expected trends, although in the southeast some trends were the 
opposite of what we expected. One of the reasons that differences between 
treatments were not statistically significant is that the treatments in many cases had 
been only established for a short period of time. The management practices before 
the current conservation practices and new grazing practices were continuous 
pastures or row-crops and that probably resulted in maintaining high soil total 
phosphorus concentrations. Reducing soil phosphorus concentrations are very 
difficult because phosphorus is held tightly by the soil and requires long-term 
planning (Sharpley et al., 2000). In addition, soils with alluvial parent material tend 
to be highly variable because of the frequent deposition and erosion events that 
create highly incohesive and irregular soils (Schumm et al., 1984). In Iowa, alluvial 
soils had much more variable total phosphorus concentrations than upland derived 
soils (Ridley, 1984). 
Soil Compaction. Bulk densities of the northeast region stream banks (1.14 
g cm"3) were significantly lower than both those of the southeast (1.31 g cm"3) 
(p=O.OO12) and the central (1.26 g cm"3) (p=0.0158) region stream banks. The 
southeast region riparian soils had significantly higher bulk densities (1.21 g cm"3) 
than those in the central (1.14 g cm"3) (p=0.0729) and the northeast (1.13 g cm"3) 
(p=0.0691) region riparian soils. In general stream bank bulk densities in all regions 
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and for each treatment within a region (except for the riparian forest and continuous 
grazing in northeast Iowa) were higher than those of the riparian area soils of other 
treatments although differences were not statistically significant (Figure 4a, b, c). 
Between treatments within regions, the bulk densities in most cases followed 
the hypothesized trend, especially in the riparian area soils, although differences 
were not significant between most treatments. Bulk densities of riparian area soils 
were significantly higher in the continuous pastures compared to the grass filters 
(p=0.0715) and the riparian forest buffers (p=0.0843) in the central region. In the 
southeast region, the bulk density of the grass filters were significantly lower than 
those in the rotational pastures (p=0.0662). Stream bank bulk densities were only 
significantly different between the continuous pastures and the grass filter 
(p=0.0694) in the central region and the continuous pastures and the riparian forest 
buffers (p=0.0813) in northeast region. In both cases, the pastures had higher bulk 
densities. 
The distances (near and far) (p=0.0004) and locations (eroding and non-
eroding) (p=0.0117) influenced riparian area soil bulk densities values between 
treatments within a region, although there were no real trends. No consistent 
differences were found probably because of the soil variability of alluvial areas. 
Similarly, stream bank bulk density differences were evident between locations (top, 
middle, bottom) (p=0.0001 ) for each treatment within a region but there was no 
trend. 
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Few bulk density differences were found between treatments in each region. 
Many studies have found that grazing, especially continuous grazing, increases bulk 
density and soil compaction (Chanasyk and Naeth, 1995; Clary, 1995; Orr, 1975; 
Willat and Pullar, 1983) although others have not found any differences between 
grazing treatments (Abdel-Magid et al., 1987). However, many of these studies 
were conducted in upland soils that tend to be more consistent in texture and 
structure than riparian soils (Riecken and Poetsch, 1956; Schumm et al., 1984). 
There were some differences between grazing practices and the conservation 
practices (grass filters and riparian forests). Conservation practices generally had 
lower bulk densities. 
Because there were so few differences between treatments within a region, 
we also measured penetrometer resistance. Penetrometer resistance is more 
sensitive to soil compaction than bulk density (Rodd et al., 1999). The penetrometer 
resistance analysis was conducted only for the three depths of 3.5, 7.0 and 10.5 cm. 
Comparing these measurements to bulk density measurements, the first noticeable 
difference (Figure 4 a, b, c) was that penetrometer resistance had much higher 
variance than bulk density measurements (higher standard errors). Although soil 
moisture can significantly influence penetration resistance (Perumpral, 1987), we did 
not take it into consideration when comparing treatments within a region because all 
measurements were conducted within two-three days with no precipitation events in 
each region. The penetrometer measurements in the southeast region were 
conducted at the end of September while those in the central and northeast regions 
were taken in the middle and the end of July, respectively. When comparing soil 
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moistures between treatments within a region, they were variable as a result of the 
management practice and not because of climatological conditions. Because 
penetrometer measurements were taken at different times in each region no regional 
comparisons were possible. The southeast soil moistures based on a mean from all 
treatments, were 20.2 % of the dry soil weight at 0-5 cm and 18.0 % at 6-15 cm. In 
the central region, the soil moistures were 17.5 % at 0-5 cm and 16.7 % at 6-15 cm. 
Finally, the northeast region had the lowest soils moistures with 15.0 % at 0-5 cm 
and 13.6 % at 6-15 cm. 
Within a region, grazing treatments, particularly continuous and rotational, 
had higher penetrometer resistance than the conservation practices (Figure 4a, b, 
c). As with bulk densities, the penetrometer resistances between many treatments 
were not significantly different. In the northeast region penetrometer resistance in 
the continuous pastures was significantly higher at the 3.5 cm depth compared to 
the pastures with cattle excluded from the streams (p=0.0476) and the riparian 
forests (p=0.0504). Similarly, at the 7 cm depth, the continuous pastures had higher 
penetrometer resistance compared to the pastures with cattle excluded from the 
streams (p=0.0635) and the riparian forests (p=0.0432). At the 10.5 cm depth, the 
continuous pastures still had higher penetrometer resistance than the riparian forest 
buffers (p=0.0494). In the southeast, grass filters had lower penetrometer resistance 
than the rotationally grazed pastures at 3.5 cm (p=0.0985) and 7 cm (p=0.0565) 
depths. Soils in the pasture with the cattle excluded from the streams also had 
lower resistance than soils in the rotational pastures at 3.5 cm (p=0.0841). 
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Similar to the bulk densities, there were no consistent trends based on 
distances from the stream (near and far) and/or locations (eroding and non-eroding 
side) within the treatments of each region. One common characteristic in all 
pastures of all regions was that cattle loafing areas and paths always had the 
highest penetrometer resistance readings. In most cases, penetrometer insertion 
would stop at 0 to 3.5 cm, because of the high resistance. Typically, cattle loafing 
areas and paths are small (less than 2% of the total pasture) compared to the whole 
pasture but many of these areas have direct access to the stream channel or are 
located very close to the banks. Overall, penetrometer resistance compared to bulk 
density was much more sensitive to soil compaction (Rodd et al., 1999) but this led 
to high standard errors and differences that were not any more significant. Many 
other studies have shown differences between grazing treatments using 
penetrometer resistance (Chanasyk and Naeth, 1995; Mapfumo et al., 1999, Rodd 
et al., 1999). In contrast in our study, the penetrometer data did not provide a 
clearer picture of the expected trends compared to bulk densities. The lack of 
statistical differences could again be related to the high variability of riparian soils 
and/or to the influence of past management practices of these reaches. 
Another parameter observed was the depth to the hardpan (cm) based on the 
depth the penetrometer cone could reach. The maximum depth the penetrometer 
could reach was 38.5 cm. The maximum penetrometer depth was at the depth were 
the soil resistance was greater than 3.1 MPa. The only significant treatment 
differences were between pastures with the cattle excluded from the streams and 
the continuous pastures (p=0.0050) and between the riparian forests and the 
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continuous pastures (p=0.0148) in the northeast region. In both cases the 
continuous pastures had significantly shallower hardpan depths. Shallower 
hardpans decrease infiltration and increase overland flow, one of the major 
pathways of phosphorus transport (Haygarth and Jarvis 1999). 
Machinery traffic and cattle trampling are associated with soil compaction 
(Chanasyk and Naeth, 1995; Voorhies et al., 1989; Warren et al., 1986a, 1986b; 
Willat and Pullar, 1983;) that can increase overland flow (Thurow et al., 1988) and 
decrease pasture productivity (McCalla et al., 1984). Tractors can exert pressures 
of 0.03 to 0.15 MPa, while the animal hooves can exert pressures higher than 0.2 
MPa (Profitt et al., 1993). Soil compaction is even more important for riparian areas 
that tend to be typically wetter for longer periods of time than uplands. The intensity 
of compaction increases as the soils have more moisture (Warren et al., 1996b). As 
a result we expected row-cropped fields and pastures to have much higher bulk 
densities and penetrometer resistances compared to the pastures with cattle 
excluded from the stream, grass filters and riparian forests. 
There were differences in bulk density and penetrometer resistance between 
the grazing treatments and the conservation practices but no clear differences 
surfaced between the various grazing treatments. Many other studies have found 
significant differences between grazing practices using either soil bulk density 
(Chanasyk and Naeth, 1995; Mapfumo et al., 1999; Orr, 1975; Willat and Pullar, 
1983) or penetrometer resistance (Chanasyk and Naeth, 1995; Mapfumo et al., 
1999, Rodd et al., 1999). This lack of clear differences may be because the 
rotational and intensive rotational pastures are relatively recently established and we 
could still be measuring the effects of past management that in most cases included 
continuous grazing or annual row-cropping for many decades. In addition, our 
samples and measurements were taken from highly variable alluvial soils (Riecken 
and Poetsch, 1956; Schumm et al., 1984). 
Stream bed survey. There were many significant differences in stream bed 
substrate composition between regions. Specifically, the coarse particulate organic 
matter in the central region (10%) was significantly less than in the southeast (25%) 
(p=0.0473) and northeast regions (19%) (p=0.0654). There was less clay in the 
central (4%) than in the southeast region (25%) (p=0.0031) while there was no clay 
in the northeast bed substrates (0%). The stream bed sediments in the northeast 
region had significantly less mud/silt (18%) than in the southeast (58%) and in the 
central regions (53%) (both comparisons p<0.005). In contrast, sand percentages 
were greater in the northeast (31%) region than in the southeast (9%) and the 
central regions (17%) (both comparisons p<0.0458). Gravel percentages followed a 
similar pattern to sand and were greater in the northeast (28%) region than in the 
southeast (10%) and the central regions (13%) (both comparisons p<0.0048). 
Finally, boulder percentages were greater in stream bed sediments of the central 
region (11 %) than the southeast region (4%) (p=O.O3O7). In the northeast region 
boulder percentages were region 6%. 
There were some substrate differences between treatments within a region 
(Figure 6a, b, c). In the central region, coarse particular organic matter was 
significantly higher in the stream beds of streams with adjacent riparian forest 
buffers than in all of the other four treatments, row-cropped fields (p=0.0512), 
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continuous pastures (p=0.0512), rotational pastures (p=0.0751) and grass filters 
(p=0.0765) (Figure 6a). In the northeast region, stream beds adjacent to the riparian 
forest buffers had significantly higher percentages of coarse particular organic 
matter than continuous and intensive rotational pastures (both comparisons 
p<0.0346) (Figure 6b). Finally, in the southeast region the stream beds adjacent to 
the intensive rotational pastures had higher proportions of coarse particular organic 
matter than the rotational pastures (p=0.0374) and grass filters (p=0.0370) (Figure 
6c). In this region, the intensive rotational pastures, the continuous pastures and 
the pasture with cattle excluded from the stream had higher percentages of coarse 
particular organic matter than the rotational pastures and grass filters although 
differences were not always significant. The higher coarse particular organic matter 
percentages in the continuous and intensive rotational pastures and the pasture with 
cattle excluded from the stream in the southeast region could be attributed to the 
numerous trees on the stream banks. In general, the high coarse particular organic 
matter in all regions was partially the result of conducting the stream bed survey 
from late summer to early fall when the leaves had fallen from the trees into the 
streams. In lotie communities the percentage of coarse particular organic matter in 
streams along with the shade provided by trees is very important because it can 
highly influence their structural and functional attributes (Vannote et al., 1980). 
Differences for clay percentages (Figure 6c) in the stream bed substrate were 
detected only in the southeast region with grass filter percentages significantly 
higher than the continuous (p=0.0820) and rotational pastures (p=O.OO94), the 
pasture with the stream excluded to cattle higher than the rotational pastures 
(p=0.0390), and the intensive rotational pasture higher than the rotational pastures 
(p=0.0122). The high percentages of clay in the stream bed in the southeast 
streams compared to the other regions highly influenced total phosphorus 
concentrations in the stream bed sediments (Figure 2). The total phosphorus 
concentrations in bed sediments were particularly high especially in the pasture with 
the stream excluded to cattle and the intensive rotational pastures. 
The continuous (p=0.0024), rotational (p=0.0017) and the intensive rotational 
(p=0.0599) pastures and grass filters (p=0.0185) in the southeast had higher 
percentages of mud/silt in the stream bed substrate than the pasture with the stream 
excluded to cattle (Figure 6c). In this region, the intensive rotational pastures also 
had lower mud/silt percentages than the continuous (p=0.0758) and the rotational 
(p=0.0436) pastures (Figure 6c). In general, percentages of mud/silt usually 
indicates how embedded the stream beds are. In the southeast region, the 
continuous and rotational pastures had very high mud/silt percentages indicating 
highly disturbed streams with large amounts of sediment deposited in the stream 
bed from overbank flow, stream bank erosion and gully erosion. 
The sand percentages in the substrate were not statistically different between 
treatments (Figure 6) within a region except that the pastures with the cattle 
excluded from the streams in the northeast region were much sandier than the 
continuous pastures (p=0.0416) (Figure 6b). In the southeast region the pasture 
with the cattle excluded from the stream had a much higher percentage of gravel 
compared to the other four treatments, continuous, rotational, intensive rotational 
pastures and grass filters (all comparisons p<0.0390) (Figure 6c). For the boulder 
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percentages, the riparian forest buffers in the central region were higher than those 
in streams bordered by continuous (p=0.0307) and rotational pastures (p=0.0967) 
and row-crops fields (p=0.0398) (Figure 6a). The riparian forest buffers in the 
northeast region had higher percentages of boulders compared to pastures with the 
cattle excluded from the streams (p=0.0556) and intensive rotational pastures 
(p=0.0439) (Figure 6b). In the southeast, the intensive rotational pastures had 
significantly higher boulder percentages than the continuous pastures (p=0.0749) 
(Figure 6c). Comparing the number of different substrates within each treatment 
revealed no significant differences. 
We did not see more differences because many of our streams had been 
heavily disturbed as the result of the alteration of the hydrologie cycle by agricultural 
activities and will take a long time to recover. Most of the stream beds were heavily 
embedded by mud and silt from overland flow and stream bank erosion 
Stream reaches adjacent to the continuous and rotational pastures and row-
cropped fields had higher percentages of mud/silt (Figure 6a, b, c) indicative of 
higher stream bank and upland erosional processes (Wohl and Carline, 1996) 
although in most cases differences were not statistically different. The southeast 
region was the only region with significant differences in percentages of mud/silt 
(Figure 6c). The pasture with cattle excluded from the stream had the lowest 
percentage of mud/silt, followed by the intensive rotational pastures. Interestingly, 
the rotational pastures had even higher mud/silt percentages than the continuous 
pastures, although differences were not statistically significant. In this region, 
stream beds adjacent to grass filters also contained high percentages of mud/silt. In 
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the northeast region, the continuous pastures had higher percentages of mud/silt 
compared to the other three treatments (that had similar percentages) (Figure 6b) 
although no differences were significant. In the central region, there were no direct 
statistical differences between treatments based on the mud/silt percentages, but 
there were some indirect indicators based on the percentages of the other substrate 
(Figure 6a). The riparian forest buffer treatments (that were established much 
longer than the grass filters in this region) had statistically higher percentages of 
boulders than the continuous and rotational pastures and the row-crop fields. 
Typically, high percentages of mud/silt are indication of disturbed stream because 
these substrates originate from increased overland flow, stream bank erosion and 
gully erosion and embed other stream bed substrate like boulders, cobble, gravel or 
sand. 
The percentages of mud/silt are very important because higher fine sediment 
percentages can eliminate areas for shelter, spawning, and food production for fish 
(Lyons et al., 2000) and are areas of easy re-suspension of fine sediments that have 
higher phosphorus concentrations compared to other stream bed substrates 
(Sharpley and Smith, 1990). Sediment re-suspension is a significant cause of 
phosphorus release in water bodies (Evans et al., 1997) and bed-sediments can 
influence phosphorus variably (House et al., 1998). 
Summary and Conclusions 
Regional differences in total phosphorus concentrations were significant 
indicating that parent materials can influence total phosphorus concentrations in soil. 
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There were also significant differences between the shallow depth (0-5 cm) and 
deeper depth (6-15cm) riparian soils, stream bank soils and stream bed sediments 
within regions but trends were not the same in each region. This result is an 
indication that in different regions, different pathways could be important because of 
the differences in soil phosphorus concentrations of the source material. Total 
phosphorus concentrations in the stream bank soils and in the stream bed 
sediments (especially in the southeast region) indicate that stream bank erosion and 
stream bed re-suspension can be significant pathways for phosphorus transport. 
Differences among treatments were not significant in most cases probably 
because of two reasons. The conservation practices and rotational and intensive 
rotational pastures were established relatively recently and the past management 
practices of these sites (continuous pastures or annual row-cropping) may still be 
impacting soil phosphorus concentrations. Continuous grazing and annual row-
cropping have led to high total phosphorus concentrations and reducing these 
concentrations requires long term management plans. Phosphorus binds tightly to 
the soil and is very difficult to lose from soils. The other reason is that riparian soils 
are highly variable because of the very frequent flooding disturbances on the riparian 
soils. 
Soils in continuous and rotational pastures resulted in higher bulk densities 
and penetrometer resistances compared to those found in the soils of the 
conservation practices such as grass filters and riparian forests, and pastures where 
livestock were excluded from the stream. Differences in soil compaction suggest 
that continuous pastures would have lower infiltration rates and higher overland flow 
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and phosphorus losses compared to the conservation practices. In contrast, there 
were no statistically significant differences between the three grazing systems. The 
major reasons for no differences between the grazing systems was again probably 
because rotational and intensive rotational pastures were established recently and 
alluvial soils are highly variable and non-cohesive. Finally, the penetrometer 
resistance was more sensitive to soil compaction than bulk density although this 
sensitivity increased variability. Although the penetrometer resistance did have 
higher sensitivity it did not provide a clearer picture of differences between 
treatments compared to bulk density. 
The percentages of the substrates were significantly different between the 
regions again indicating the importance of parent material. Treatments within a 
region had some significant differences but did not follow the hypothesized trends. 
This is because we were working in heavily disturbed streams and land-use 
practices cannot be as effective when only a reach of the stream has a particular 
conservation practice. Comparisons between whole watersheds under a certain 
treatment would provide a clearer picture although in Iowa it is unlikely to find whole 
watersheds in a specific conservation practice. Coarse particulate organic matter 
percentages that showed significant differences between treatments were heavily 
influenced by the amount of trees close to the stream. In general, continuous 
pastures and row-crops fields had the highest mud/silt percentages compared to 
grass filters and riparian forests although in most cases differences were not 
significant. Higher mud/silt percentages replace other stream bed substrates and 
are an indication of higher contributions of mud/silt from overland flow, stream bank 
erosion and gully erosion. Mud/silt is light weight and higher percentages can lead 
to greater bed re-suspension potential. 
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Figure 1. Soil and sediment sampling scheme for the different landscape 
positions: a) riparian soils (at two depths), b) the stream bank face, and c) and 
the stream bed. 
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Figure 2. Soil and sediment total phosphorus concentrations from the riparian 
areas (at two depths), the stream bank and the stream bed of different 
treatments in three lowa regions: a. central, b. northeast, c. southeast. In the 
riparian areas soil cores were taken at of 0-5 cm and 6-15 cm. 
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Figure 3. Sediment total phosphorus concentrations from the stream bed for 
three seasons (spring, summer, fall) in 2000 along different treatments in three 
lowa regions: a. central, b. northeast, c. southeast. 
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Figure 4. Bulk density and penetrometer resistance under different treatments 
in three lowa regions: a. central, b. northeast, c. southeast. Bulk density 
samples were collected from the stream bank faces and the riparian areas. 
Penetrometer resistance was measured only in the riparian area at three depth 
3.5, 7.0, and 10.5 cm. 
81 
Southeast lowa 
m Stream bank 
• Riparian 
0 Penetrometer at 3.5 cm 
• Penetrometer at 7.0 cm 
• Penetrometer at 10.5 cm 
Continuous 
pastures 
Rotational 
pastures 
Intensive rot. 
pastures 
Treatments 
Stream 
excluded 
Grass filters 
C. 
Figure 4. (cont.) 
82 
Streams Grass filters Riparian 
exc uded forests 
Central lowa 
Northeast lowa 
• Southeast lowa 
Continuous Rotational Intensive rot. 
pastures pastures pastures 
Treatments 
Figure 5. The depth to the hardpan under different treatments in three lowa 
regions. The depth to hardpan refers that depth that the penetrometer could 
reach with the soil resistance being less than 3.1 MPa. The maximum depth 
that the penetrometer could reach was 38.5 cm. 
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Figure 6. The percentage of different substrate types along different 
treatments in three lowa regions: a. central, b. northeast, c. southeast. 
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Table 1. General characteristics of the treatment sites. 
Region Treatment Sites 
(#) 
Soil series1 Stocking rate 
(cow-calf ac"1) 
Phosphorus 
applications 
Central Row-cropped 2 Spillville-Coland complex N/A2 No 
fields 
Central Continuous 2 Coland, Colo, Spillville-Coland complex 0.6-0.8 No 
pastures 
Central Rotational 2 Coland, Coland-Terrill complex 0.4-1.0 No 
pastures 
Central Grass filters 2 Spillville, Spillville-Coland complex N/A2 No 
Central Riparian forests 2 Coland, Hanlon-Spillville complex, Spillville- N/A2 No 
Coland complex 
Northeast Continuous 3 Dorchester, Radford, Otter-Ossian complex 0.5-0.8 No 
pastures 
Northeast Intensive rot. 3 Dorchester, Dorchester-Chaeseburge-Viney and 0.4-0.7 No 
pastures Dorchester-Chaeseburge complexes 
Northeast Pastures 2 Radford, Spillville N/A2 No 
stream 
excluded 
Northeast Riparian forests 2 Colo-Otter-Ossian complex, Spillville N/A2 No 
Southeast Continuous 3 Nodaway, Nodaway-Cantril complex 0.5-0.9 Fertilization (2 sites) 
pastures No (1 site) 
Southeast Rotational 2 Nodaway 0.3-0.97 Manure (1 site) 
pastures No (1 site) 
Southeast Intensive rot. 2 Nodaway, Nodaway-Cantril complex 0.3-0.5 Fertilization (1 site) 
pastures No (1 site) 
Southeast Pasture stream 1 Nodaway N/A2 No 
excluded 
Southeast Grass filters 2 Amana, Nodaway N/A2 No 
Soil Survey Geographic (SSURGO), 2004 
2 N/A=not applicable 
Table 2. Comparing soil and sediment total phosphorus concentrations from different source areas for 
each treatment within a region. The source areas included four landscape positions: shallow depth 
(0-5 cm) riparian soils, deeper depth (0-5 cm) riparian soils, stream bank face soils and stream bed 
sediments. Differences were reported only when p<0.1000. When the differences are not significant it is 
reported as NS (not significant). ____ 
Region Treatment Source Areas Riparian, 0-ôcm Riparian, 6-15 cm Stream bank Stream bed 
Central Row-crops Riparian, 0-5cm NS <0.0001 <0.0001 
Central Row-crops Riparian, 6-15 cm NS 0.0636 0.0010 
Central Row-crops Stream bank <0.0001 0.0636 0.0020 
Central Row-crops Stream bed <0.0001 0.0010 0.0020 
Central Continuous pastures Riparian, 0-5cm NS <0.0001 <0.0001 
Central Continuous pastures Riparian, 6-15 cm NS NS 0.0024 
Central Continuous pastures Stream bank <0.0001 NS 0.0001 
Central Continuous pastures Stream bed <0.0001 0.0024 0.0001 
Central Rotational pastures Riparian, 0-5cm NS <0.0001 <0.0001 
Central Rotational pastures Riparian, 6-15 cm NS NS 0.0005 
Central Rotational pastures Stream bank <0.0001 NS — <0.0001 
Central Rotational pastures Stream bed <0.0001 <0.0001 <0.0001 
Central Grass filters Riparian, 0-5cm NS <0.0001 <0.0001 
Central Grass filters Riparian, 6-15 cm NS NS NS 
Central Grass filters Stream bank <0.0001 NS NS 
Central Grass filters Stream bed <0.0001 NS NS 
Central Riparian forests Riparian, 0-ôcm NS <0.0001 <0.0001 
Central Riparian forests Riparian, 6-15 cm NS NS 0.0046 
Central Riparian forests Stream bank <0.0001 NS --- 0.0059 
Central Riparian forests Stream bed <0.0001 0.0046 0.0059 
Northeast Continuous pastures Riparian, 0-5cm 0.0115 0.0007 <0.0001 
Northeast Continuous pastures Riparian, 6-15 cm 0.0155 NS NS 
Northeast Continuous pastures Stream bank 0.0007 NS NS 
Northeast Continuous pastures Stream bed <0.0001 NS NS 
Northeast Intensive rot. pastures Riparian, 0-5cm NS <0.0001 <0.0001 
Northeast Intensive rot. pastures Riparian, 6-15 cm NS NS 0.0341 
Northeast Intensive rot. pastures Stream bank <0.0001 NS — 0.0089 
Northeast Intensive rot. pastures Stream bed <0.0001 0.0341 0.0089 
Northeast Pastures stream excluded Riparian, 0-5cm NS 0.0030 <0.0001 
Northeast Pastures stream excluded Riparian, 6-15 cm NS NS <0.0001 
Table 2. (cont.) 
Northeast Pastures stream excluded Stream bank 0.0030 NS —— <0.0001 
Northeast Pastures stream excluded Stream bed <0.0001 <0.0001 <0.0001 
Northeast Riparian forests Riparian, 0-5cm NS 0.0996 <0.0001 
Northeast Riparian forests Riparian, 6-15 cm NS NS 0.0016 
Northeast Riparian forests Stream bank 0.0996 NS <0.0001 
Northeast Riparian forests Stream bed <0.0001 0.0016 <0.0001 — 
Southeast Continuous pastures Riparian, 0-5cm NS <0.0001 <0.0001 
Southeast Continuous pastures Riparian, 6-15 cm NS NS NS 
Southeast Continuous pastures Stream bank <0.0001 NS 0.0173 
Southeast Continuous pastures Stream bed <0.0001 NS 0.0173 
Southeast Rotational pastures Riparian, 0-ôcm NS NS <0.0001 
Southeast Rotational pastures Riparian, 6-16 cm NS NS NS 
Southeast Rotational pastures Stream bank NS NS NS 
Southeast Rotational pastures Stream bed <0.0001 NS NS 
Southeast Intensive rot. pastures Riparian, 0-ôcm NS <0.0001 0.0124 
Southeast Intensive rot. pastures Riparian, 6-15 cm NS NS 0.0129 
Southeast Intensive rot. pastures Stream bank <0.0001 NS <0.0001 
Southeast Intensive rot. pastures Stream bed 0.0124 0.0129 <0.0001 
Southeast Pasture stream excluded Riparian, 0-ôcm NS NS <0.0001 
Southeast Pasture stream excluded Riparian, 6-16 cm NS NS 0.0046 
Southeast Pasture stream excluded Stream bank NS NS —- <0.0001 
Southeast Pasture stream excluded Stream bed <0.0001 0.0046 <0.0001 
Southeast Grass filters Riparian, 0-ôcm NS 0.0194 0.0309 
Southeast Grass filters Riparian, 6-16 cm NS NS NS 
Southeast Grass filters Stream bank 0.0194 NS NS 
Southeast Grass filters Stream bed 0.0309 NS NS — —  
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CHAPTER 3. STREAM BANK SOIL AND PHOSPHOUS LOSSES AND 
VEGETATIVE CHARACTERISTICS UNDER DIFFERENT LAND-USE PRACTICES 
IN IOWA 
A paper to be submitted to the Journal of Range Management 
G.N. Zaimes, R.C. Schultz, T.M. Isenhart, S.K. Mickelson, J.L. Kovar, J.R. Russell 
and W.J. Powers 
Abstract 
Phosphorus and sediment are major non-point source pollutants that degrade 
surface water quality. Stream bank erosion can contribute up to 90% of the 
phosphorus and sediment in surface waters. Land-use practices and vegetation 
cover can be very influential on stream bank erosion. The objective of the study was 
to compare stream bank erosion from continuous, rotational and intensive rotational 
pastures to row-cropped fields adjacent to streams, riparian forest buffers and grass 
filters and pastures with the stream excluded to cattle. To measure stream bank 
erosion in each treatment, severe and very severe sites were surveyed and five of 
these sites were randomly selected and pin network plots were established. For 
stream bank erosion, the variables compared between the treatments were: stream 
bank erosion rate and activity, plot with the maximum erosion rate, percentage of 
severe and very severe eroding bank lengths and soil and phosphorus losses per 
unit length of stream bank. Sward height and ground cover were also measured. 
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Grab water samples were collected to estimate total suspended sediment, total and 
dissolved phosphorus concentrations in the stream. Riparian forest buffers had the 
least stream bank erosion with grass filters following. When the cattle were 
excluded from the stream, stream bank erosion was also low. Between the three 
grazing practices, there were few significant differences primarily in the severe and 
very severe eroding lengths although intensive rotational pastures showed potential 
of decreasing stream bank erosion. Row-crop fields had high stream bank erosion 
similar to the continuous pastures. Sward heights differences were not related to 
grazing practice or bank erosion. The total suspended sediment, and total and 
dissolved phosphorus concentrations in the stream water samples did not show a 
clear trend between treatments. 
Key words: grazing practices, erosion activity and rates, soil phosphorus, sward 
height, ground cover, stream sediment and phosphorus concentrations 
Introduction 
Phosphorus has been identified as the primary nutrient limiting eutrophication 
of many surface waters (Daniel et al., 1998) while sediment is the number one water 
quality problem in the United States (Simon and Darby, 1999). Phosphorus, in most 
cases, is attached to sediment when transported (David and Gentry, 2000; Sharpley 
and Smith 1990) and therefore, should be studied together with sediment. 
The contribution of stream bank erosion to the stream sediment and 
phosphorus load can be very significant. Stream bank erosion can contribute 30-
45% of the sediment load in streams in Minnesota (Sekely et al., 2002), 45-50% in 
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lowa (Odggard, 1984; Schilling and Wolter, 2000), and up to 80-90% in other 
regions of the United States (Simon et al., 1996) and other countries (Krovang et al., 
1997). Very few studies have quantified the stream bank contribution to the total 
phosphorus load (Sekely et al., 2002). A study in Minnesota reported that only 7-
10% of the total phosphorus in the stream was from stream bank erosion (Sekely et 
al., 2002) in contrast to a study in Illinois that found 56% (Roseboom, 1987). A 
study in Denmark found that stream bank erosion contributed more than 90% of the 
total phosphorus load to a stream (Krovang et al., 1997). 
In most cases, decreased stream bank stability is the result of decreased 
vegetation cover that decreases the root length and mass in the soil (Kleinfelder et 
al., 1992; Dunaway et al., 1994). Belsky et al. (1999) reported that many studies 
have shown that livestock grazing reduces stream bank stability in the Western 
United States. The objective of this study was to quantify stream bank erosion and 
sward heights of rotational and intensive rotational pastures and compare them to 
continuous pastures, annual row-cropped fields and conservation practices like 
riparian forest buffers, and grass filters and pastures with the stream excluded to 
cattle. All the treatments were located in riparian areas. Rotational and intensive 
rotational grazing are slowly replacing traditional continuous grazing in lowa 
because these new practices better utilize pasture forages, and increase profitability 
while being more environmentally friendly (USDA-NRCS, 1997a; Undersander et al., 
1993). Although many studies have been conducted in the Western United States 
on the influence of intensive rotational and rotational grazing on stream ecosystems, 
very few studies have been conducted in the Midwest (Lyons et al., 2000). 
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Methods and Materials 
Study area: Iowa's vegetation cover has been altered more than any other State in 
the United States. In the last 150 years, 99.9% of the tall-grass prairies were 
plowed, 95% of the wetlands were drained and 70% of the forests were cut 
(Whitney, 1994). In their place today more than 90% of the land is in annual row-
crop agriculture and continuously grazed cool-season grass pastures (Burkhart et 
al., 1994). 
The research for this project was conducted in three Iowa regions: northeast, 
central and southeast. Northeast and southeast Iowa were chosen because these 
are the two of the major livestock grazing regions in Iowa. In central Iowa, we 
wanted to compare sites that had already been established for another study, to the 
sites in the other two regions. In addition, one of our sites in the central region is in 
the Bear Creek National Restoration Demonstration Watershed (Clean Water Action 
Plan, 1999). The lowan Surface and the Paleozoic Plateau are the major landforms 
in the northeast region (Prior, 1991). The Paleozoic Plateau has narrower valleys in 
sedimentary rock with almost no glacial deposits and because of the shallow 
limestone, there are numerous caves, springs, and sinkholes. The lowan Surface is 
dominated by gently rolling terrain created by material loosened and moved by many 
strong weathering events caused by the tundra and permafrost conditions during the 
last glaciation. In central Iowa, the Des Moines Lobe is the dominant landform that 
has a subtle terrain, because it is the most recently glaciated landscape, with some 
broad curved bands or ridges, knobby hills and irregular pond and wetlands (Prior, 
1991). The Southern Iowa Drift Plains landform is in southeast region of Iowa and 
92 
has many rills, creeks, and rivers, with steeply rolling hills and valleys (Prior, 1991). 
Stream erosion has deepened channels into glacial material deposited 500,000 
years ago while a mantle of loess covers the slopes and hills. 
Treatments: The treatments used were riparian forest buffers, grass filters, 
pastures with the cattle excluded from the stream, intensive rotational grazing, 
rotational grazing, continuous grazing and annual row-cropping. The major 
constraint was to find these treatments on 1-3 order (Strahler, 1957), deeply incised 
streams owned by private farmers. We focused on small order streams because 
they can contribute a significant portion of the sediment in streams. An Illinois State 
Water survey found that small order streams contribute 30-50% of sediment in the 
Illinois River (Johnson and F razee, 2003). It was also important to work on farms 
owned by private farmers to evaluate the management of rotational and intensive 
rotational grazing. We also believed it would probably be easier to convince local 
farmers to change their management practices by demonstrating them the results 
from of land-use practices on their farms. Over a six month period, we met with 
more than 70 landowners and visited more than 120 sites, to eventually select 30 
treatment sites. Unfortunately, it was not possible to find all treatments in every 
region. In the central region, we had five treatments: riparian forest buffers, grass 
filter, rotational pastures, continuous pastures and annual row-cropped fields (Table 
1 ). In the northeast region, we only had four treatments: riparian forest buffers, 
pastures with the cattle excluded from the stream, intensive rotational pastures, and 
continuous pastures (Table 1). In the southeast region, we had five treatments: 
grass filters, pasture with the cattle excluded from the stream, intensive rotational 
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pastures, rotational pastures, and continuous pastures (Table 1). All pastures were 
grazed by beef cattle and had cool-season grasses such as Kentucky bluegrass 
(Poa pratensis L), tall fescue (Festuca arundinacea Schreb.), reed canary grass 
(Phalaris arundinacea L), smooth bromegrass (Bromus inermis L.) orchardgrass 
(Dactylis glomerata L), white clover (Trifolium repens L.) and red clover (Trifolium 
pratense L). 
The grazing period for the intensive rotational and rotational pastures sites 
runs from early May to early November in all regions. In rotational grazing the 
pasture is divided into 2-3 paddocks. Each paddock is grazed 15-30 days and 
rested for 30 days. In intensive rotational grazing, the pasture is divided into more 
than 6 paddocks and each paddock is grazed 1-7 days and rested for 30-45 days. 
Sites with these practices were selected only if they had been established for three 
years or more. Continuous pastures are not divided into paddocks and cattle have 
full access to the stream during the grazing period. In the northeast and central 
pastures, grazing started in early May and ended in early November while in the 
southeast the cattle remained on the pasture throughout the year. When the cattle 
were left year-around, supplemental feeds (like hay) were supplied. In this study 
each landowner started and ended grazing on different dates for all pasture 
practices which led to different number of grazing days for each pasture site within a 
given treatment. 
Pastures where the stream was completely excluded to cattle (established for 
at least three years) were also located. This is a practice that might have great 
potential to decrease stream bank erosion, but most cattle growers in Iowa are very 
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reluctant to adopt it. The stream is the main water source for the cattle and 
extensive fence maintenance may be required because of the frequent flash floods. 
In the central region we also selected sites with annual row-crops. Corn (Zea 
mays L.) and soybean (Glycine max (L.) Merr.) are commonly grown in the fields in 
alternating years and many of them have a narrow strip (< 4 m) of grasses and 
annual weeds along the stream bank. 
Finally, we selected sites with riparian forest buffers and grass filters. 
Riparian forests buffers consist of a tree, shrub and warm season grass zone 
(USDA-NRCS, 1997b). In one case, we used a regular forest along the streamside. 
The selected grass filters consisted of cool-season grasses (USDA-NRCS, 1997c). 
These two treatments are the main conservation practices in riparian areas of Iowa. 
All conservation practice sites selected for this study had been established for at 
least five years. 
Rainfall data: The rainfall data used was from the closest weather station to each 
treatment site collected by the National Oceanic and Atmospheric Administration 
(NOAA, 2002-4a and b). Yearly rainfall data were correlated to yearly stream bank 
erosion. 
Stream bank erosion pins: Steel rods, called erosion pins, 762 mm long and 6.4 
mm in diameter were inserted perpendicularly into the bank face (Wolman, 1959). 
Hooke (1979) recommends that at least one third of the pin needs to remain buried 
in the stream bank face so it is not lost during a major erosion event and that pins 
should not exceed 800 mm in length to not interfere with stream bank erosion 
processes. We selected the 762 mm length because erosion rates of up to 500 mm 
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per erosion event had been witnessed in streams of similar orders in the past 
(Zaimes et al., 2004). The diameter selected was small enough to cause minimum 
disturbance to the stream bank face but large enough so it would not bend under 
high discharge events (Lawler, 1993). 
Erosion pins are commonly used to measure stream bank erosion rates 
especially when measuring over short-time-scales and when high resolution is 
wanted (Lawler, 1993). The erosion pin method resolution can be as high as 5 mm 
(Simon et al., 1999). To increase the accuracy even more, all of our pin 
measurements were collected by one operator (Couper et al., 2002). Each erosion 
pin network plot had 5 columns, 1 m apart, and 2 rows at 1/3 and 2/3 the stream 
bank height apart. Networks of erosion pins with similar vertical and horizontal 
distances have been found to not influence stream bank erosion processes (Hooke, 
1979; Lawler 1993). Only severe and very severe eroding stream banks were 
selected for erosion pin network plots because they are the major source of the 
sediment in the channel compared to moderate and slightly eroding bank sites that 
are more vegetated. Non-vegetated stream bends had 30 times greater stream 
bank erosion than vegetated stream bends (Beeson and Doyle, 1995). Severe 
eroding banks were defined as bare with slumps, vegetative overhang and/or 
exposed tree roots (USDA-NRCS, 1998). Very severe eroding banks were defined 
as bare with massive slumps or washouts, severe vegetative overhang and many 
exposed tree roots (USDA-NRCS, 1998). The two were combined for the purpose of 
identifying sites and data was not separated by these two different erosion classes. 
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Erosion pin network plots were randomly selected. We initially identified all 
the severe and very severe eroding banks and recorded them on a recent aerial 
photograph (scale 1:24,000). Within each treatment site, each eroding bank was 
assigned a number, with number 1 the most downstream eroding bank in a 
treatment site. A random numbers table was used to select the locations for the pin 
network plots from the total number of severe and very severe sites in each 
treatment site. Each treatment site had 5 plots and 50 erosion pins. Approximately 
50 mm of the erosion pin were initially exposed. These exposed pin lengths were 
measured three times a year, spring, summer and fall from August 2001 to August 
2004. During the winter season, most pin networks could not be measured because 
they typically were not easily accessible and/or covered with snow and ice. The 
most recent measurement of the erosion pin was subtracted from the previous 
measurement. When the difference was positive, the exposed pin represented 
erosion, if it was negative the pin represented deposition. When a pin was 
completely lost during an erosion event an erosion rate of 600 mm was assumed 
(Hooke, 1979; Lawler, 1993). Compared to other studies that have used pin 
networks (Lawler, 1993), our study had a much larger number of pins (1500), on 
many treatment sites (30), with many frequent measurements (every season, except 
during the winter months) over a three year period resulting in a large number of 
observations. 
The erosion pin method provided three of the six different variables used in 
this study to compare stream bank erosion between the different treatments. These 
three variables were mean stream bank erosion rate and activity and plot with the 
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maximum erosion rate. To estimate the erosion pin rate, we used the positive or 
negative value from a pin after the subtraction. In contrast, erosion pin activity was 
the absolute value between the two measurements. Couper and Maddock (2001 ) 
suggest that recording the 'change' (absolute value) of the erosion pin 
measurements, regardless if they represent erosion or deposition, is also important 
because it is a measure of how active (unstable) the stream bank is. The mean 
stream bank erosion rate and activity for an erosion pin network plot was estimated 
by averaging the erosion pin rate and activity, respectively, of all the pins in the plot. 
To estimate the greatest erosion potential we used the erosion rate of the plot with 
the highest erosion rate in each treatment (plot with the maximum erosion rate). The 
other three variables measured were severe and very severe eroding bank length 
percentage, stream bank soil loss per unit length of stream bank, and stream bank 
phosphorus loss per unit length of stream bank, discussed in more detail in the 
following sections. 
Stream bank severe and very severe eroding length and height survey: In 
August of 2002, the total length and height at specific length intervals were 
measured for all the severe and very severe stream banks of all treatment sites. 
The height of the eroding portion of the stream bank was estimated with a scaled 
height pole (accuracy of 10 cm). Initially these measurements enabled us to 
estimate the severe and very severe eroding bank length for each treatment site. 
Afterwards by dividing the severe and very severe eroding bank lengths for each 
treatment site by its total stream bank length (this included none, slight, moderate, 
severe and very severe eroding sites), the severe and very severe eroding stream 
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bank length percentages were estimated (the forth variable used to compare stream 
bank erosion between treatments) (USDA-NRCS, 1998). In addition, the product of 
the average height (mean from measurements at specific length intervals) and 
length for each severe and very severe eroding bank was used to estimate the 
severe and very severe eroding bank area. The total stream bank severe and very 
severe eroding area for each treatment site was determined as the sum of the 
severe and very severe eroding sites stream bank areas within a treatment site. 
Stream bank and phosphorus soil losses: The product of the mean stream bank 
erosion rate, the mean bulk density and the total eroding area of the severe and very 
severe eroding banks for each treatment reach was used to estimate the total 
stream bank soil loss. The bulk density values for each treatment reach were 
estimated by collecting soil samples from the stream bank face from three out of the 
five plots from all treatment reaches (Zaimes, 2004). Then by multiplying the total 
soil loss by the mean phosphorus stream bank concentrations of each treatment, the 
total phosphorus loss from stream banks was estimated. Mean phosphorus 
concentrations for each treatment reach was estimated by collecting samples from 
the stream bank face from three out of the five plots from all treatment sites (Zaimes, 
2004). 
The stream bank soil and phosphorus loss per unit length of stream bank (the 
fifth and sixth variables used to compare stream bank erosion) was estimated by 
dividing the total stream bank soil loss for each treatment by its total stream bank 
length (none, slight, severe and very severe eroding banks). This was necessary 
because each treatment did not have the same total stream length. 
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Sward height and ground cover type: Sward height provides a measure of the 
amount of vegetation left after grazing. In recent years, it has been commonly used 
in riparian areas to look at the impacts of grazing (Clary and Leininger, 2000). 
Although it is commonly used there are few studies that looked at the impacts of 
sward height on riparian functions (Clary and Leininger, 2000). 
The mean sward height on the bank above every pin plot was estimated from 
three, first hit, sward stick measurements while also taking ground cover type 
observations (Russell et al., 2001). These measurements were called "stream bank" 
sward heights and ground cover type, respectively. The stream bank sward heights 
were measured from spring of 2002 until summer of 2004, while stream bank ground 
cover types were observed from summer of 2003 until summer of 2004. The ground 
cover types consisted of: grass, forbs, legume, manure, manure and other. In 
addition, in the continuous, rotational and intensive rotational pastures, "riparian" 
sward height and ground cover type measurements were taken along a transect 
perpendicular to the stream bank face with the pins. These were taken from 
summer of 2003 until summer of 2004, at distances of 5, 10, 15, 20, 25 m along the 
transect line from the stream edge on both sides of the stream but only in 
conjunction with the first, third and fifth erosion pin plots. Sward height 
measurements and ground cover type observations were taken at the same time the 
erosion pins were measured. 
Water samples: At the furthest downstream point of the treatment stream reach, a 
grab water sample was taken every time we measured the pins (every season 
except winter) from summer of 2002 until summer of 2004. These water samples 
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were analyzed for total suspended sediment and dissolved and total phosphorus. A 
0.43 um filter was used to estimate suspended sediment and to separate the water 
samples for dissolved and total phosphorus (APHA, 1998). The dissolved and total 
phosphorus samples were digested with persulfate (APHA, 1998) and the extracted 
phosphorus was estimated colorimetrically with the molybdenum ascorbic blue 
method (Murphy and Riley, 1962). 
Data analysis: The analysis of covariance in SAS was used to examine the impact 
of treatments on stream bank erosion rate and activity for each year and for the sum 
of all three years (SAS Institute, 1999). The covariant for the model was rainfall 
precipitation. The analysis of variance in SAS was used to compare the severe and 
very severe eroding lengths (%) and the model included regions and treatments. 
Finally, for the sward heights, ground cover types and water samples the analysis of 
variance in SAS was used and the model included region, treatment and seasons. 
Results 
Stream bank erosion pins: The expected trends for stream bank erosion rate and 
activity and plot with the maximum erosion rate between the treatments were seen in 
the central region although differences were not always significant (Table 2). In year 
one, stream banks along the row-cropped fields had significantly more activity than 
those along the riparian forest buffers (p=0.0389), the rotationally grazed (p=0.0454) 
and the continuously grazed pasture banks (p=0.0775). For year two, the riparian 
forest buffer stream banks still had the lowest erosion rate and activity and these 
were significantly less than those in the row-cropped field (rate, p=0.0179;activity, 
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p=0.0119) and the continuous pasture stream banks (only activity, p=0.0602). The 
row-cropped field banks continued to have the highest erosion rate and activity 
during this year but only the erosion rate was significantly greater than the rate of the 
grass filter (p=0.0767) and the rotational grazing banks (p=0.0893). In year three, 
which was the wettest (Table 1), the continuous pasture banks had significantly 
higher erosion rates than the riparian forest buffer banks (p=O.OOO9), the grass filter 
banks (p=0.0247) and the rotational pasture banks (p=0.0746). The erosion rates 
for the row-cropped field banks were significantly higher than those of the riparian 
forest buffer banks (p=O.OO22) and grass filter banks (p=0.0634). For erosion 
activity, only the riparian forest buffer banks had significantly less activity then the 
continuous pasture (p=O.OO99) and row-cropped field banks (p=0.0138). The three 
year cumulative erosion rate and activity of the row-cropped field banks were 
significantly higher than those of the riparian forest buffer (rate, p=0.0072; activity, 
p=0.OO48), grass filter (rate, p=0.0501 ; activity, p=0.0626) and rotational grazing 
banks (rate, p=0.0561 ; activity, p=0.0527). The three year cumulative erosion rate 
and activity of the continuous pasture banks were only significantly higher than those 
of the riparian forest buffer banks (rate, p=0.0776; activity, p=O.O474). The 
maximum erosion rate was found on the row-crop field banks each of the three 
years. In each of the three years, the plot with the maximum erosion rate was over 
0.5 m. We must note that in different years, a different plot had the maximum 
stream bank erosion rate. The third year was particularly wet (Table 1 ) and all 
treatments had at least one plot with a maximum erosion rate of more than 30 cm. 
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In year one, in the northeast region the riparian forest banks and the banks of 
the pastures with the stream excluded from cattle had net deposition rates instead of 
erosion rates while the two grazing system banks had low erosion rates (Table 2). 
Since the pastures with the stream excluded from the cattle had net deposition rates 
differences were significant compared to the continuous pasture banks that had 
erosion rates (p=0.0997). In year two, the erosion rate and activity of the continuous 
pasture banks were significantly higher than the riparian forest buffer banks (rate, 
p=0.0815; activity, p=0.0543) and banks of the pastures with the stream excluded 
from the cattle (only activity, p=0.0845). Year three had higher precipitation amounts 
than the other two years (Table 1) which led to higher erosion rates and/or activities 
and more significant differences between treatments. The intensive rotational 
pasture banks had significantly higher erosion rates and activity than the riparian 
forest buffer banks (rate and activity, p<0.0006), banks of pastures with the stream 
excluded from the cattle (rate and activity, p=0.0010) and the continuous pasture 
banks (rate and activity, p<0.0321). The erosion rate and activity on continuous 
pasture banks were significantly higher than the riparian forest banks (rate and 
activity, p=0.0317), and the banks of pastures with the stream excluded from the 
cattle (rate and activity, p<0.0444). The continuous pasture banks had a higher 
cumulative erosion rate and activity over the three years of the study than the 
riparian forest banks (rate and activity, p=0.0317) and the banks of pastures with the 
stream excluded from the cattle (rate and activity, p<0.0444). The three year 
cumulative erosion rate and activity of the intensive rotational pasture banks were 
also higher than those of the riparian forest banks (rate and activity, p<0.0255) and 
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the banks of pastures with the stream excluded from the cattle (rate and activity, 
p<0.0357). Both pasture treatment sites had the highest potential for high erosion 
rates over the years with around 0.5 m of soil in a year. In year one, in the intensive 
rotational pasture banks one plot had a maximum erosion rate of 0.9 m. In year 
three, even the conservation practices had plots with maximum bank erosion rates 
close to 0.3 m. 
In the southeast region, there were no significant differences in stream bank 
erosion and activity between treatments (Table 2). In the first and the third years, 
the continuous and rotational pasture banks had the highest erosion rate and activity 
with the intensive rotational banks and the banks of pastures with stream excluded 
from cattle following and the grass filter banks having the lowest. In the second 
year, the erosion rates and activities were very low and banks of pastures with the 
stream excluded from cattle experienced net deposition rate. Even for the three 
year cumulative erosion rate and/or activity, there were no significant differences 
between treatments. The maximum erosion rate for continuous pasture banks was 
as high as 0.5 m a year. All the other treatments had plots that lost more than 0.3 m 
per year except the grass filter banks whose maximum rate was 0.15 m. 
Stream bank severe and very severe eroding length and height survey: The 
lengths of severe and very severe eroding stream banks followed the hypothesized 
trends in most cases (Table 3). In the central region, the row-crop field reaches had 
significantly higher percentages of severe and very severe eroding bank lengths 
(Table 3) than the rotational pasture (p=0.0326), grass filter (p=0.0035) and riparian 
forest buffer reaches (p=0.0024). The percent of severe and very severe eroding 
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bank length for the continuous pasture reaches were significantly greater than those 
for the grass filter (p=0.0124) and the riparian forest buffer reaches (p=0.0085). In 
the northeast region, the continuous pasture reaches had significantly higher 
percentages of severe and very severe eroding bank lengths than the riparian forest 
buffer reaches (p=0.0019) and the pastures with the stream excluded to the cattle 
reaches (p=0.0021) (Table 3). The intensive rotational pasture reaches also had 
significantly higher percentages of eroding lengths than the riparian forest buffer 
(p=0.0437) and the pastures with the stream excluded to the cattle reaches 
(p=0.0496). In the southeast region the continuous pasture reaches had significantly 
higher percentages of severe and very severe eroding bank lengths than those of 
the intensive rotational pasture (p=0.0117), the pastures with the stream excluded to 
the cattle (p=0.0012) and the grass filter reaches (p=O.OOO1). Similarly, the 
rotational pasture reaches had significantly higher percentages of severe and very 
severe eroding bank lengths than the intensive rotational pasture (p=O.O2O2), the 
pastures with the stream excluded to the cattle (p=O.OO21) and the grass filter 
reaches (p=O.OOO4). Finally, the grass filter reaches had significantly lower 
percentages of severe and very severe eroding bank lengths than the intensive 
rotational pasture reaches (p=O.O73O). 
Soil and phosphorus losses: Stream bank erosion soil and phosphorus losses 
per unit length followed the hypothesized trends (Table 3). In the central region the 
row-cropped fields had the highest losses while both conservation practices had 
lower losses with the riparian forest buffers having the lowest. In the grazing 
practices the continuous pastures had more than double the losses of the rotational 
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pastures. In the northeast region, the pastures with the stream excluded to cattle 
and the riparian forest buffers had minimal losses (lower than any other region) that 
were much lower than the continuous and intensive rotational pastures of this 
region. The continuous pastures had approximately 33 % higher soil and 
phosphorus losses than the intensive rotational pastures. Finally, in the southeast 
region the grass filters had the lowest soil and phosphorus losses while the pastures 
with the stream excluded to cattle followed and were more than 50 % lower than the 
intensive rotational pastures. Interestingly, the rotational pastures had much higher 
losses than the continuous pastures. 
Sward height and ground cover type: For all treatments across all regions, the 
fall seasons tended to have the lowest sward height although differences between 
seasons for treatments within a region were not significantly different (Table 4). We 
expected the spring season to have the highest sward heights although this was not 
the case in year three. Summer season sward heights were higher than in the 
spring of year three (but not statistically different) probably because of the high 
amounts of precipitation during that summer. 
Comparing stream bank sward heights between treatments in the central 
region, grass filters had significantly higher sward heights almost every season than 
row-cropped fields (spring 2002, p=0.0993; summer 2002, p=0.0664, spring and 
summer 2004, p<0.0060), continuous pastures (every season, p<0.0260), rotational 
pastures (every season, p<0.0310), and riparian forest buffers (spring 2002, 
p=0.0821; all other seasons, p<0.0480) (Table 4). Surprisingly, row-cropped fields 
had the second highest stream bank sward height (Table 4), even though the ground 
106 
cover type of some plots were completely bare (sward height of 0 cm). Row-
cropped field stream bank sward heights were significantly higher in some seasons 
than continuous pastures (summer 2002, p=0.0762; summer 2003 and 2004, and 
fall 2003, p<0.0107), rotational pastures (summer 2002, p=0.0837; summer 2003, 
p=0.0558; spring 2004, p=0.0754; and fall 2003 and summer 2004, p<0.0342), and 
even riparian forest buffers (summer, p=0.0474; fall, 2003 p=0.0608; spring 2004, 
p=0.0384; summer 2004, p=0.0754). Riparian forest buffers had significantly higher 
sward heights than the continuous (p=0.0483) and rotational pastures (p=0.0583) in 
fall 2002, even though tree canopy cover was not taken into account. Finally, 
stream bank sward heights in the continuous and rotational pastures were the lowest 
and never significantly different from each other. 
In the northeast region, the stream bank sward heights of the riparian forest 
buffers were always significantly higher (Table 4) than those in continuous pastures 
(every season, p<0.0033) and higher than those in the intensive rotational pastures 
(every season, p<0.0266) except spring of 2004. The riparian forest buffers stream 
bank sward heights were in some seasons also higher than those in the pastures 
with the stream excluded from the cattle (summer 2002, p=0.0510; fall 2003 and 
summer 2003 and 2004, p<0.0420). Stream bank sward heights in the pastures with 
the stream excluded from the cattle were significantly higher than those in the 
continuous pastures every season from spring of 2002 until summer of 2003 
(p<0.0489) and higher than those in the intensive rotational pastures in the summer 
of 2002 (p=0.0873). The intensive rotational pastures had higher stream bank sward 
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heights than those in the continuous pastures only in the summer of 2003 
(p=0.0479), a particularly dry summer. 
In the southeast region, stream bank sward heights in the grass filters were 
always significantly higher than those in the continuous (every season, p<0.0032), 
rotational (every season, p<0.0056) and intensive rotational pastures (every season, 
p<0.0288). In addition, stream bank sward heights in the grass filters were also 
higher in most seasons than those in the pasture with the stream excluded from the 
cattle (summer 2002, 2003 and 2004, fall 2003 and spring 2004, p<0.0261). The 
pasture with the stream excluded from cattle stream bank sward heights was always 
significantly higher than the continuous pastures (spring, summer, fall 2002, and 
summer 2004, p<0.00088; summer 2003, p=0.0631; fall 2003, p=0.0519, and spring 
2003, p=0.0732). The pasture with the stream excluded from cattle was also 
significantly higher in most seasons than those in the rotational pastures (spring, 
summer and fall 2002, p<0.0285; fall 2003, p=0.0813; spring 2003, p=0.0503; 
summer 2004, p=0.0510) and in some seasons higher than the intensive rotational 
pastures (spring and summer 2002, p<0.0025, and spring 2003, p=0.0681). Finally, 
the intensive rotational pastures had significantly higher stream bank sward heights 
than those in the continuous pastures in many seasons (summer 2002, p=0.0516; 
fall 2002, p=0.0634; fall 2003, p=0.0644, and summer 2003 and 2004, p<0.0112) 
and the rotational pastures in two summers (2003 and 2004, p<0.0395). 
Riparian sward heights comparisons were made only between continuous, 
rotational and intensive rotational pastures within a region. The continuous pastures 
riparian sward heights were significantly shorter than the rotational pastures in the 
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central region in the summer of 2003 (p=0.0425). In the northeast region the 
intensive rotational pastures had significantly higher riparian sward heights than the 
continuous pastures in the summer and fall of 2003 (both seasons, p<0.0306). In 
the southeast region the intensive rotational pastures also had much higher sward 
heights in the summers of 2003 and of 2004 and the fall of 2003 than the rotational 
(all three seasons, p<0.0291) and continuous pastures (all three seasons, 
p<0.0049). 
The general trend was that riparian sward heights were generally higher than 
stream bank sward heights although differences were not always significant (Table 
4). In the central region riparian sward heights were significantly higher in the 
continuous pastures in spring of 2004 (p=0.0634), and in the rotational pastures in 
summer of 2003 and spring of 2004 (both seasons, p<0.0223). Riparian sward 
heights were significantly higher than the stream bank sward heights in the northeast 
region in the summer of 2003, the spring and summer of 2004 (all three seasons 
p<0.0220) and the fall of 2003 (p=0.0551 ) for the continuous pastures and in the 
summer (p=0.0520) and fall of 2003 (p=0.0739) for the intensive rotational pastures. 
The riparian sward heights were also significantly higher than the stream bank sward 
heights in spring 2004 (p=0.0557) in the continuous pastures in the southeast 
region. In contrast to the general trend the intensive rotational pastures in the 
southeast region, had significantly higher stream bank sward heights than the 
riparian sward heights in summer and fall of 2003 (both seasons, p<0.0002). 
There were no clear seasonal and/or treatment differences in the ground 
cover types (Table 5). We must note that for the continuous, rotational and intensive 
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rotational pasture treatments the ground cover types were observed, along the 
stream bank edge of erosion pin plots within each treatment and along transects 
from the edge of the stream on both sides. For all other treatments, ground cover 
types were only observed along the stream bank edge of the erosion pin plots. 
Only the central and southeast region had significant differences between 
treatments based on ground cover types. In the central region as expected, the row-
cropped fields had more bare ground than the continuous (every season, p<0.0150) 
and rotational pastures (every season, p<0.0090). Interestingly the riparian forest 
buffers of this region also had significantly more bare ground than the continuous 
and rotational pastures in fall of 2003 (p=0.0501 ) and spring of 2004 (p=0.0306). In 
the southeast the mean percentage of forbs from all four seasons of the rotational 
(23.8 %) (p=0.0187) and intensive rotational (21.7 %) (p=0.0358) pastures were 
significantly greater than the continuous pastures (7.3 %). 
Seasonal differences of the ground cover of treatment within a region were 
only significant in the northeast and southeast region. In the northeast region grass 
was the dominant ground cover for all treatments and seasons except in the summer 
of 2004. During this summer compared to the other seasons, there was a significant 
increase in the percentage of forbs (compared to all other seasons, p<0.0001) and 
legumes (fall 2003 and spring 2004, p=0.0377, and summer 2003, p=0.0585) in the 
continuous pastures. The legume percentages were also higher in the summer of 
2004 than any other season (compared to all other seasons p<0.0500) in the 
intensive rotational pastures. Similarly, forb percentages were significantly higher in 
the summer of 2004 compared to the other three seasons for the pastures with the 
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stream excluded to cattle (p<0.0001 ) and the riparian forest buffers (p<0.0001 ). In 
the southeast region in the summer of 2004, the bare cover percentages of the 
continuous pastures were significantly higher than in the summer of 2003 
(p=0.0686), fall 2003 and spring 2004 (both seasons, p<0.0199). Similarly, the 
intensive rotational pastures in the summer of 2004 had significantly higher 
percentages of bare ground than the spring of 2004 (p=0.0795). 
Water samples: There were not as many significant differences as we expected 
between treatments or seasonal differences within a treatment within a region as we 
expected (Figures 1, 2 and 3). In the central region there were no differences. In 
the northeast, the continuous pastures had significantly higher suspended sediments 
than the riparian forest buffers (fall 2003, p<0.0001; spring 2004, p=0.0762) and the 
pastures with the stream excluded to cattle (summer 2002, p=0.0565; fall 2003, 
p<0.0001; spring 2004, p=0.0884) and the intensive rotational pastures (summer 
2002, p=0.0562; fall 2003, p<0.0001; spring 2004, p=0.0521) (Figure 1b). In the fall 
of 2003 the continuous pastures had a spike in total suspended sediment (Figure 
1 b) that was statistically higher than the sediment concentrations compared to its 
concentrations in every other season (all seasons, p<0.0001). For all treatments in 
the northeast the total and dissolved phosphorus concentrations were higher in 
spring 2003 than any other season (for all treatment comparisons, p< 0.0280) 
(Figure 2b and 3b). 
In the southeast region from the grab water samples of spring of 2003 the 
rotational pastures had significantly higher total and dissolved phosphorus 
concentrations than the continuous, intensive rotational pastures, the pasture with 
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the stream excluded to cattle and grass filters (for all comparisons, p<0.0001) 
(Figure 2c and 3c). In that same spring (2003) the continuous pastures water 
phosphorus concentrations (total and dissolved) followed, and were significantly 
higher than concentrations in water from the pasture with the stream excluded to 
cattle for both total (p=0.0530) and dissolved phosphorus (p=0.0140) and the grass 
filters only for dissolved phosphorus (p=0.0797). The intensive rotational pastures in 
that spring (2003) also had significantly higher concentrations than the pasture with 
the stream excluded to cattle, for both total (p=0.0716) and dissolved phosphorus 
(p=0.0178), and than the grass filters only for dissolved phosphorus (p=0.0961 ). In 
the fall of 2003 the continuous pastures had significantly higher phosphorus 
concentrations than the rest of the treatments for total (in all cases, p<0.018) and 
dissolved phosphorus (in all cases, p<0.023). Finally, total phosphorus 
concentrations in this region were significantly higher again in continuous pastures in 
the summer of 2002 than in the rotational pastures (p=0.0231 ), the intensive 
rotational pastures (p=0.0136), the pastures with the stream excluded to cattle 
(p=0.0443) and the grass filters (p=0.0533). 
Dissolved phosphorus was the dominant form in the water in all regions 
during all of the sampling periods. Typically dissolved phosphorus represented 70-
100% of the total phosphorus in 81% of the grab samples collected, while dissolved 
phosphorus was 51-70% in 11% of the samples. In the rest of the samples (9%), 
particulate phosphorus was the dominant form with dissolved phosphorus less than 
49% of the total phosphorus. Finally, total phosphorus exceeded the recommended 
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total phosphorus concentration of the USERA (2001) for the ecoregions (Griffith et 
al., 1994) in which we conducted our studies (Figure 2). 
Discussion and Conclusions 
The presence of riparian vegetation does not mean that stream banks will be 
completely stable and not change through time (Abernethy and Rutherfurd, 2000) 
because stream bank erosion is a natural stream process (Henderson, 1986). In 
many regions, including Iowa, alterations in the adjacent land-use practices have 
triggered changes in stream banks that lead to accelerated erosion that is unnatural. 
Studies have shown the impact of different adjacent land-use practices on stream 
bank erosion (Hagerty et al., 1981; Hooke, 1980, Lyons et al., 2000; Zaimes et al., 
2004). 
Over the three year period of this study there were some significant 
differences in stream bank erosion rates and activity between treatments in the 
central and the northeast regions (Table 2). In contrast, in the southeast region 
there were no significant differences between treatments (Table 2). Riparian forest 
buffers and grass filters had the lowest erosion rates and activity (differences were 
not significant in the southeast region). The pastures with the cattle excluded from 
the streams had much lower erosion rates and activity than the other three pasture 
systems (differences were not significant in the southeast region). The three pasture 
systems with full access to the stream did not always follow the expected trends. 
Differences were typically not significant and in many cases the erosion rates and 
activity were comparable to the row-cropped fields. 
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The erosion rates of the different treatments of this study ranged from 0-31 
cm (Table 2) that fell within the range of erosion rates (2-125 cm) found by other 
studies (Hamlet et al., 1983; Hooke,1980; Lawler,1993; Zaimes et al., 2004) that 
had similar drainage areas. Studies with similar drainage areas that reported land-
use practices found that streams adjacent to continuous pastures (Lawler, 1993; 
Zaimes et al., 2004) and row-cropped fields (Hamlett etal., 1983; Zaimes et al., 
2004) had higher erosion rates than forested sites (Lawler 1993; Zaimes et al., 
2004). Finally, the erosion rates between plots of the same treatment and the pins 
of the same plot had high variability something that past studies have also found 
(Lawler 1993; Zaimes et al., 2004). 
We expected to see more clear-cut trends in the differences between 
treatments. One of the major reasons for not seeing these trends was that we 
conducted this observational study on private farms. In many cases farmers used 
their own definitions of the treatments that in many cases did not fit the textbook 
definitions. In addition upstream land-use practices in this project were not 
considered, but may be as equally important as adjacent land-use use to bank and 
channel processes (Lyons et al., 2000; Zaimes et al., 2004). The high variability of 
stream bank erosion even within a plot has been found to confound the results of 
similar studies (Lawler, 1993). Finally, all erosion pin network plots were established 
on severe and very severe eroding sites that have high erosion regardless of the 
adjacent land-use. 
Some treatment differences were based on erosion rates and others on 
erosion activity (Table 2). Both measurements provide a different perspective on 
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stream bank erosion. Erosion rates provide a better variable to estimate the total 
soil lost from stream bank erosion. The erosion activity overestimates soil losses 
from stream banks because materials that get deposited during one measurement 
event may be eroded in the next measuring period. If the main interest is how stable 
the stream banks are, then both deposition and erosion should be considered as 
stream bank movement. In these cases erosion activity is a better indicator. This is 
especially true during dry years when many stream banks experience primarily 
deposition (Couper and Maddock, 2001). We also believe that it is valuable to 
identify the plot with the maximum erosion rate because it provides a better picture 
of severe stream bank erosion. Presenting only the means of all the erosion pin 
plots can be misleading in terms of how extreme stream bank erosion rates can be. 
Estimates of the lengths of the severe and very severe eroding banks along a 
stream reach are as important as the erosion rate and activity. The same erosion 
rates and activity for two different land-use practices would not yield the same 
amount of soil losses from stream banks if the severe and very severe lengths 
differed significantly. 
The percentage of eroding stream bank length had more significant 
differences between treatments in all regions (Table 3) than the erosion rate and 
activity (Table 2). In southwestern Wisconsin, Simonson et al., (1994) suggest that 
highest quality streams should have less than 20 % of the stream banks eroding. 
The riparian forest buffers, grass filters and the pastures with the cattle excluded 
from the stream were always below this percentage. In contrast the pasture 
systems with full access to the stream and the row-cropped fields had 30 % or more 
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of the stream banks eroding. In a study in Wisconsin, stream bank erosion under 
different treatments ranged from <1-66 % (Lyons et al., 2000) that was similar to the 
ranges we found in our study (10-54 %). Lyons et al., (2000) also found that 
continuous grazing was significantly higher that intensive rotational grazing, grass 
filters and riparian forest buffers. Although we also did find that riparian forest 
buffers and grass filters had significantly lower percentages than the continuous 
pastures this was not always the case between the pastures treatments with full 
access to the stream. Only in the southeast did the continuous and rotational 
pastures have significantly higher percentages of eroding banks than the intensive 
rotational pastures. 
The hypothesized treatment trends become even clearer when comparing 
soil losses per unit length of stream bank (Table 3). The treatments in the central 
and northeast regions followed the exact hypothesized trends. In the southeast 
region surprisingly soil losses for the rotational pastures were higher than those for 
the continuous pastures. As expected, the row-crop fields had the highest losses, 
with 311 tons km"1 yr"1, followed by the continuous pastures that ranged from 193 -
258 tons km"1 yr"1. Losses for the rotational pastures and intensive rotational 
pastures ranged from 92 - 263 tons km"1 yr"1 and 63 -157 tons km"1 yr"1, respectively. 
The pastures with the cattle excluded from the stream and the grass filters had lower 
soil loses that ranged from 7-55 tons km"1 yr"1 and 21 -57 tons km"1 yr"1, 
respectively. The riparian forests had the least soil losses ranging 5 -16 tons km"1 
yr"1. De Wolfe et al. (2004) found similar soil losses (10-663 tons km"1 yr"1) from 
different watersheds in Vermont that had similar drainage areas to streams in this 
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study. In one of the watersheds they had extremely high soil losses of 1333 tons 
km"1 yr"1. 
The phosphorus losses from stream banks followed a similar trend to the soil 
losses (Table 3). Total phosphorus concentration differences in the stream bank 
soils between treatments (Table 3) were not significant because of their high 
variability (Zaimes, 2004). In the row-cropped fields total phosphorus losses were 
high with 110 kg km"1 yr"1, while the continuous pastures lost 70- 122 kg km"1 yr"1. 
The rotational pastures and intensive rotational pastures ranged from 37- 120 kg 
km"1 yr"1 and 38 - 68 kg km"1 yr"1, respectively. The pastures with the stream 
excluded to cattle, grass filters and riparian forest buffers had the smallest 
phosphorus losses ranging from 3 - 30 kg km"1 yr"1, 9 -17 kg km"1 yr"1, and 2 - 6 kg 
km"1 yr"1, respectively. In 10 Vermont watersheds phosphorus losses ranged 10 -
840 kg km"1 yr"1 (DeWolfe et al., 2004) that were similar to the losses in this study. 
The phosphorus losses per unit length from the pastures with full access to the 
stream and the row-cropped fields indicate that stream bank erosion can be a 
significant contributor to the stream phosphorus load. 
Based on the all the variables (erosion rate and activity, soil and phosphorus 
losses) discussed above the riparian forest buffers were the land-use practice that 
stabilizes steam banks and minimizes soil and phosphorus loss the most. Grass 
filters followed but were not as efficient. This could have been because the grass 
filters were more recently established in some cases. In addition we believe that the 
tree root systems provide more protection to stream banks than the grass roots on 
deeply incised streams with nearly vertical banks. In the literature there has been a 
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lot of debate, some indicating that tree roots are more effective at bank stabilization 
(Gregory et al., 1991 ; McKenney et al., 1995) while others that grass roots are more 
effective (Lyons et al., 2000; Trimble, 1997). When the cattle were excluded from 
the stream, improvements in stream bank stability were seen compared to the other 
pasture systems with full access to the stream. Cattle are attracted to riparian areas 
and spend time in and around the stream (Trimble and Mendel, 1995). Stream bank 
improvements when the cattle are excluded from the streams have been also found 
in other studies (Laubel et al., 2003) but this practice is not socially and economically 
acceptable to many farmers (Platts and Wagstaff 1984). In cases where off-stream 
water is provided as an alternative to fencing stream bank erosion has been 
dramatically reduced (Mclnnis and Mclver, 2001; Sheffield et al., 1997) and Porath 
et al. (2002), saw an increase in cattle weight. In Iowa, we are not sure how 
effective off-stream water would be without fencing since most pastures are confined 
in narrow riparian areas along low order streams. There were mixed results when 
comparing rotational and intensive rotational pastures to continuous pastures. In 
some cases we saw significant decreases in erosion rate and activity and soil and 
phosphorus losses while in other we saw increases. A reason why we did not 
observe the hypothesized results could be because many of the systems have only 
recently been converted from continuously grazing. In general, intensive rotational 
pastures should improve the stream bank stability (Lyons et al., 2000) and decrease 
soil and phosphorus losses. Bank stabilization would probably increase more when 
the number of paddocks along the stream are decreased. Less stream paddocks 
would mean more rest time for the stream reach and less impact of up-stream 
118 
paddocks on down-stream paddocks. Finally, other studies have shown that 
stocking rate, the season and number of days the pastures are grazed, are as 
important, if not more important, than manipulating the grazing system (Clary and 
Kinney, 2002). 
To improve stream bank stability the common theme is to maintain a vigorous 
plant community with vigorous roots that will increase stream bank resistance to 
particle erosion shear stress and compression (Kleinfelder et al., 1992; Dunaway et 
al., 1994). Abernethy and Rutherfurd (2001) demonstrated that soil shear strength 
increased linearly with increasing root mass. Vegetation is an integral part of the 
riparian landscape and the amount of stream bank vegetation, especially in lower 
order streams, is important because of the stabilizing support the root systems can 
provide (Thome and Tovey, 1981). The increase in shear resistance of stream 
banks depends on the rooting depth of stream bank trees and/or grasses and the 
stream bank height (Simon and Darby et al., 1999). When the bank height exceeds 
rooting depth other stream stabilization techniques might also be necessary. 
The stream bank sward height (along the streams) measurements of this 
study were a little deceptive for the riparian forests and row-cropped fields (Table 4). 
Values in the forest buffers were low because of the shade from the tree canopy that 
can decrease the understory vegetation. The row-cropped fields had higher average 
stream bank sward heights than the riparian forest buffers and the continuous and 
rotational pastures although they also had the highest bank erosion soil losses. This 
primarily had to do with the uneven distribution of stream bank sward heights on the 
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row-cropped field plots. Many plots of the row-crop fields had sward heights greater 
than 30 cm while others were 0 cm (completely bare) (Table 5). 
For the most part we did not see differences between the stream bank and 
riparian sward heights among the pasture treatments. While there was some 
evidence that the intensive rotational pastures had higher sward heights it was not 
consistent across all regions. The lack of differences between the treatments might 
be the result of different stocking rates and length of grazing periods between 
farmers across the different pasture treatments. 
In many cases the riparian sward heights (3 - 20 m from the stream), where 
significantly higher than the stream banks ones in the same pasture treatments. 
This is an indication that livestock tend to travel right along the top edge of stream 
banks and therefore put inordinate pressure on the forage along the top of the bank 
(Trimble and Mendel, 1995). Another alarming fact was that in many seasons' 
stream bank and riparian sward heights for both the continuous and rotational 
pastures were equal or less than 2 cm. In Iowa it is recommended that sward 
heights should not be lower that 5 cm to maintain vigorously growing forage 
(Barnhart et al., 1998) 
There was no strong relationship between stream bank sward heights and 
bank erosion probably because many of our rotational and intensive rotational 
pastures were recently converted from years of continuous grazing. In addition 
Clary and Leininger, (2000) suggest that sward height might not be a good indicator 
of stream bank erosion when streams are deeply incised. All the streams in this 
project were deeply incised. 
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When considering ground cover (Table 5) the row-cropped fields and riparian 
forest buffers had the highest percentages of bare cover over the four seasons (43% 
and 25%, respectively). Bare ground cover is a major concern for the stream bank 
in the row-cropped fields because these banks are highly susceptible to stream bank 
erosion. In contrast in the riparian forest buffers a tree canopy covered the bare 
ground and there was often a well developed forest floor covering the bare soil. In 
the southeast regions the continuous and intensive rotational pastures had higher 
bare cover percentages over the four seasons (9.0% and 7.3% respectively). These 
percentages were higher than in any other pasture system in all regions, although 
differences were not statistically significant. The high bare percentage was driven 
primarily by the high bare percentages these pastures had in the summer of 2004. 
This was a particularly wet summer, and suggests that riparian areas should not be 
grazed when the soils are particularly wet. 
Grab stream water samples in most cases failed to show differences between 
treatments in total suspended sediments or dissolved and total phosphorus 
concentrations (Figure 1, 2 and 3, respectively). Continuous pastures did have the 
highest sediment (northeast region) and total and dissolved phosphorus (southeast 
region) concentrations in some seasons. It was also surprising that phosphorus was 
primarily in the dissolved form. The main reason why we did not see differences and 
that phosphorus was primarily dissolved is because we collected our grab stream 
water samples during base flow conditions. The majority of sediment and 
phosphorus transport occurs during episodes of high discharge (Meyer and Likens, 
1979). Sediment and phosphorus transport is delivered primarily by processes like 
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soil erosion, preferential flow in the soils, stream bank erosion, gully erosion and bed 
re-suspension that are highly susceptible to extreme climatic events (Krovang et al., 
2002). Interestingly even in the increased total suspended sediment concentration 
in the northeast region in fall 2003 and the total and dissolved phosphorus 
concentrations in the southeast region in spring 2003 our water samples were not 
associated with high discharge levels since the streams were at base flow. Finally, 
stream water total phosphorus concentrations exceeded USERA (2001) recommend 
standards for total phosphorus in rivers in most seasons and in all three regions 
(Figure 2). Other studies (Ice and Binkley, 2003) working in small streams also 
found the stream phosphorus concentrations exceeded USERA (2001) 
recommended standards. 
Riparian forest buffers have been shown to improve stream bank stability 
and decrease stream bank erosion in a relatively short time after their establishment 
following the abandonment of past management practices such as row-cropping and 
continuous grazing (Zaimes et al., 2004). Grass filters and pastures with the cattle 
excluded from the stream should also show improvements in stream bank stability, 
sward height and ground cover in similar lengths of time as riparian forest buffers. 
Intensive rotational pastures showed potential for more stable stream banks, lower 
stream bank erosion, higher sward heights and more ground cover compared to 
rotational and continuous pastures. That decreased erosion and increased stability 
is probably due to shorter times of intensive livestock disturbance. In many cases, 
the key to successful stream bank stability recovery in pastures will be to avoid 
riparian pastures when they are particularly wet and decreasing stocking rates, 
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number of days in the riparian paddocks and number of paddocks along the stream. 
To see the true impacts of the adjacent land-use practices for total suspended 
sediments and total and dissolved phosphorus concentrations, samples need to be 
collected after major discharge events. This is when most of the sediment and 
phosphorus in transported in and through the stream. During these events 
particulate phosphorus should be the dominant phosphorus form. Even in these 
major events, differences between treatments may not be significantly different 
because of upstream sediment and phosphorus contributions. 
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Figure 1. Total suspended sediments concentrations in streams adjacent to 
different land-use practices in three lowa regions: a. central, b. northeast, c. 
southeast. Grab water samples were collected from summer 2002 until 
summer 2004 every season except winter. 
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Figure 1 (cont.). 
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Figure 2. Total phosphorus concentrations in streams adjacent to different 
land-use practices in three lowa regions: a. central, b. northeast, c. southeast. 
Grab water samples were collected from summer 2002 until summer 2004 
every season except winter. 
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Figure 3. Dissolved phosphorus concentrations in streams adjacent to 
different land-use practices in three lowa regions: a. central, b. northeast, c. 
southeast. Grab water samples were collected from summer 2002 until 
summer 2004 every season except winter. 
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Table 1. General characteristics of the treatment sites. 
Region Treatments Sites Soil series* Stocking rate Precipitation 
Year 1 Year 2 Year 3 Year 1-3 
(#) (cow-calf ha"1) (cm) 
Central Row-cropped 2 Spillville-Coland complex N/A 74 75 87 241 
fields 
Central Continuous 2 Coland, Colo, Spillville-Coland 1.8-2.4 74-91 63-75 79-87 241-246 
grazing complex 
Central Rotational 2 Coland, Coland-Terrill complex 1.2-3.0 91 75 79 246 
grazing 
Central Grass 2 Spillville, Spillville-Coland complex N/A 74 75 87 241 
filter 
Central Riparian forest 2 Coland, Hanlon-Spillville complex, N/A 74 75 87 241 
buffer Spillville-Coland complex 
Northeast Continuous 3 Dorchester, Radford, Otter-Ossian 1.5-2.4 62-92 52-64 106- 233-250 
grazing complex 107 
Northeast Intensive rot. 3 Dorchester, Dorchester- 1.2-2.1 92-134 52-59 95-108 242-300 
grazing Chaeseburge-Viney and 
Dorchester-Chaeseburge 
complexes 
Northeast Pasture stream 2 Radford, Spillville N/A 91-92 52-55 104- 249-250 
excluded 106 
Northeast Riparian forest 2 Colo-Otter-Ossian complex, N/A 91-92 52-55 104- 249-250 
buffer Spillville 106 
Southeast Continuous 3 Nodaway, Nodaway-Cantril 1.5-2.7 56-86 54-64 74-86 185-235 
grazing complex 
Southeast Rotational 2 Nodaway 0.9-2.9 76-86 59-64 81-86 216-235 
grazing 
Southeast Intensive rot. 2 Nodaway, Nodaway-Cantril 0.9-1.5 86-93 54-78 74-100 215-271 
grazing complex 
Southeast Pasture stream 1 Nodaway N/A 86 78 100 271 
excluded 
Southeast Grass 2 Amana, Nodaway N/A 76-86 55-59 74-81 215-216 
filter 
* Soil Survey Geographic (SSURGO), 2004 
Table 2. Mean stream bank erosion rate and activity and maximum erosion rate of a plot under different 
treatments in three lowa regions. The stream bank erosion rate and activity and maximum erosion rate of 
a plot have been adjusted for the mean rainfall that each treatment site received. Year 1: August, 2001 to 
August, 2002; year 2: August, 2002 to August, 2003, and year 3 August, 2003 to August, 2004. The standard 
errors are in the parenthesis. 
Treatments Stream bank erosion 
Year 1 Year 2 Year 3 Sum of all 3 years 
Rate Activity Max Rate Activity Max Rate Activity Max Rate Activity Max 
Plot Plot Plot plot 
Rate Rate Rate Rate 
cm 
Central 
Row-cropped 22.5 30.7 55.1 22.3 29.8 56.9 27.1 32.2 58.6 71.7 90.6 124.6 
fields (7.4) (6.5) (5.9) (5.9) (3.7) (4-9) (13.7) (13.8) 
Continuous 7.9 13.7 30.9 12.8 23.5 30.0 29.8 33.6 44.2 49.9 69.8 86.5 
pastures (7.1) (6.2) (6.4) (6.4) (4.0) (5.2) (13.3) (13.5) 
Rotational 7.0 10.2 18.4 5.4 13.7 34.5 19.8 25.2 31.9 31.3 49.1 63.9 
pastures (7.3) (6.4) (7-5) (7.4) (4.4) (5.8) (13.5) (13.7) 
Grass 8.7 16.5 19.5 6.6 15.7 41.7 16.0 22.4 45.0 31.9 52.6 95.4 
filters (7.4) (6.5) (5.9) (5.9) (3.7) (4.9) (13.7) (13.8) 
Riparian 5.4 10.7 7.0 0.4 6.3 5.3 8.3 13.5 40.6 13.9 2.5 47.9 
forests (7.4) (6.5) (5.9) (5.9) (3-7) (4.9) (13.7) (13.8) 
Northeast 
Continuous 15.1 18.2 46.1 18.4 23.7 51.4 13.7 24.8 51.2 51.2 67.9 148.7 
pastures (6.3) (5.5) (4.8) (4.8) (4-5) (6.0) (10.9) (11.0) 
Intensive rot. 11.4 14.1 88.3 9.8 15.6 36.7 31.3 38.1 51.1 51.1 70.3 138.6 
pastures (7.4) (6.5) (5.3) (5.3) (3.9) (5.1) (13.0) (13.2) 
Pastures streams -2.5 4.8 3.6 5.1 9.2 5.1 2.4 12.5 29.2 6.7 29.5 28.5 
excluded (7.3) (6.4) (6.5) (6.5) (4.7) (6.2) (13.7) (13.9) 
Riparian -1.0 5.6 17.8 3.6 7.3 1.0 0.1 10.5 27.6 4.5 26.5 42.3 
forests (7.3) (6.4) (6.5) (6.5) (4.7) (6.2) (13.7) (13.9) 
Table 2. (cont.) 
Southeast 
Continuous 12.7 21.2 38.7 2.3 11.7 
pastures (6.1) (5.3) (5.0) (4.9) 
Rotational 16.6 22.3 38.7 1.6 8.6 
pastures (7.2) (6.3) (5.9) (5.9) 
Intensive rot. 5.9 11.5 27.2 5.5 11.9 
pastures (7.2) (6.3) (6.2) (6.1) 
Pasture stream 4.2 10.2 24.9 -0.6 10.5 
excluded (10.3) (9.0) (10.2) (10.2) 
Grass 3.7 15.5 12.8 1.2 8.2 
filters (7.2) (6.3) (6.1) (6.1) 
9.6 18.2 24.7 49.7 30.2 53.9 83.4 
(4.0) (5.2) (12-5) (12.6) 
5.7 19.9 25 34.7 36.6 54.1 73.5 
(3.9) (5.2) (13.6) (13.7) 
20.6 16.9 26.5 37.2 28.1 50.5 68.3 
(3.7) (4.9) (13.4) (136) 
31.3 9.5 21.0 34.8 17.3 45.9 91.0 
(5.5) (7.2) (20.9) (21.1) 
1.6 10.9 13.6 14.7 12.3 34.2 17.1 
(4-6) (6.0) (14.3) (14.4) 
-ÊL O 
Table 3. Total and per unit stream bank length of soil and total phosphorus loses from stream bank erosion 
under different treatments in three regions in Iowa. To estimate stream bank soil loss we used the average 
erosion rate of all three years for each land-use practice within a region. The standard errors are in the 
parenthesis. __ 
Treatments Treatment Treatment severe Bulk Stream bank Stream bank soil Stream bank 
stream and very severe density soil loss phosphorus phosphorus loss 
length stream bank concentrations 
total length area total per unit total per unit 
length length 
(mj (%) (m ) (gem) (tons yr" ) (kg m" yr" ) (mg kg" ) (kg yr" ) (g m" yr' ) 
Central 
Row-cropped 1561 44.0 1657 1.23 486.0 311.3 354 172.0 110.2 
fields (6) 
Continuous 1732 39.0 1999 1.35 447.3 258.3 349 156.0 90.1 
pastures (6) 
Rotational 1340 25.0 899 1.31 122.9 91.7 398 48.9 36.5 
pastures (6) 
Grass 1577 15.5 615 1.16 75.7 56.5 303 22.9 17.1 
filters (6) 
Riparian 1420 14.0 430 1.24 24.6 15.6 350 8.6 5.5 
forests (2) 
Northeast 
Continuous 1614 38.3 1935 1.15 380.3 235.6 518 196.9 122.0 
pastures (5) 
Intensive rot. 1473 26.7 1125 1.20 230.3 156.3 432 99.5 37.8 
pastures (5) 
Pastures streams 749 10.5 203 1.16 5.2 7.0 464 2.4 3.3 
excluded (6) 
Riparian 838 10.0 244 1.10 3.8 4.5 479 1.8 2.2 
forests (6) 
Table 3. (cont.) 
Southeast 
Continuous 1836 53.6 2661 1.32 354.5 
pastures (5) 
Rotational 1515 53.5 2403 1.36 398.0 
pastures (6) 
Intensive rot. 705 32.0 371 1.28 44.6 
pastures (6) 
Pasture stream 312 16.0 239 1.32 17.0 
excluded (6) 
Grass 730 16.0 289 1.29 15.2 
filters (6) 
193.1 
262.7 
63.3 
54.5 
20.9 
360 
459 
531 
555 
406 
127.6 
182.5 
46.6 
9.8 
6.2 
69.5 
120.4 
66.2 
30.2 
8.5 
Table 4. Sward heights of forage of different land-use practices, in three Iowa regions. The sward heights 
measured on the stream bank edge of every erosion pin plot are referred to as 'SB' in the table. These 
stream bank sward heights were measured every season from spring of 2002 until summer of 2004 (except 
every winter and spring of 2003). In addition, from summer of 2003 until summer of 2004 sward height 
transects were taken in the riparian zone at 3, 6,10,15 and 20 m from the edge of the stream on both sides 
and are referred to as 'Rl' in the table. These sward height transects were measured only in continuous, 
rotational and intensive rotational pasture treatments, perpendicular to the first, third and fifth erosion pin 
plots in each treatment. 
Treatments Sward Height 
(cm) 
Spring Summer Fall Summer Fall Spring Summer 
2002 2002 2002 2003 2003 2004 2004 
SB SB SB SB Rl SB Rl SB Rl SB Rl 
Central 
Row-crop fields 18(6) 10(3) 8(4) 19(4) 15(3) 9(2) 14 (2) . 
Continuous grazing 9(6) 1 (3) 0(4) 4(4) 5(2) 1 (3) 2(1) 5(2) 6(1) 4(2) 5(2) 
Rotational grazing 9(6) 1(3) 1 (4) 8(4) 15(2) 1 (3) 2(1) 4(2) 5(1) 7(2) 8(2) 
Grass filters 33 (6) 18(3) 14(4) 21 (4) 18(3) 21 (2) 25 (2) 
Riparian forests 17(6) 9(3) 12(4) 8(4) 7(3) 3(2) 8(2) 
Northeast 
Continuous grazing 4(5) 1 (3) 1 (3) 2 # )  7(2) 1 (3) 2(1) 2(2) 4(1) 3(2) 5(2) 
Intensive rot. grazing 9(5) 8(3) 6(3) 11 (3) 14(2) 4(3) 5(1) 6(2) 6(1) 7(2) 7(2) 
Pastures stream excluded 21 (6) 15(3) 11 (4) 18(4) 5(3) 5(2) 6(2) 
Riparian forests 31 (6) 25 (3) 18(4) 29(4) 31 (3) 8(2) 16(2) 
Southeast 
Continuous grazing 6(5) 3(3) 1 (3) 4(3) 4(2) 2(3) 2(1) 5(2) 6(1) 4(2) 5(2) 
Rotational grazing 5(6) 7(3) 4(4) 5(4) 7(2) 3(3) 3(1) 4(2) 5(1) 7(2) 7(2) 
Intensive rot. grazing 9(6) 11 (3) 11 (4) 17(4) 11 (2) 10(3) 6(1) 5(2) 5(1) 14(2) 15(2) 
Pasture stream excluded 46 (9) 57 (3) 20 (5) 15(5) 13(4) 11 (2) 15(3) 
Grass filters 33 (6) 33 (3) 24 (4) 36(4) 35 (3) 15(2) 32 (2) 
Table 5. Ground cover types of different treatments in three Iowa regions from summer of 2003 to summer 
of 2004. The ground cover types for the continuous, rotational and intensive rotational pastures were 
observed along the stream bank edge of all five erosion pin plot within each treatment and along ground 
cover transects that were taken at 3, 6,10,15 and 20 m from the edge of the stream on both sides of the 
channel. These ground cover type transects were observed only at the first, third and fifth erosion pin plots. 
For all other treatments ground cover types were only observed along the stream bank edge of all five erosion 
pin plot within each treatment. 
Season Treatments Grass Forbs Legumes Manure Bare Other 
(%) 
Central 
Summer 2003 Row crop fields 43 10 0 0 47 0 
Continuous pastures 86 7 5 0 3 0 
Rotational pastures 69 24 7 0 0 0 
Grass filters 100 0 0 0 0 0 
Riparian forests 45 22 0 0 30 3 
Fall 2003 Row crop fields 53 3 0 0 43 0 
Continuous pastures 87 3 2 3 3 2 
Rotational pastures 92 0 3 1 3 1 
Grass filters 100 0 0 0 0 0 
Riparian forests 57 5 0 0 23 15 
Spring 2003 Row crop fields 60 0 0 0 40 0 
Continuous pastures 62 33 0 0 5 0 
Rotational pastures 65 17 15 0 3 0 
Grass filters 100 0 0 0 0 0 
Riparian forests 58 7 0 0 35 0 
Summer 2003 Row crop fields 60 0 0 0 40 0 
Continuous pastures 72 6 16 0 6 0 
Rotational pastures 76 6 14 2 3 0 
Grass filters 100 0 0 0 0 0 
Riparian forests 67 17 0 0 13 3 
Northeast 
Summer 2003 Continuous pastures 96 1 1 1 1 0 
Intensive rot. pastures 89 8 0 0 3 0 
Stream excluded cattle 100 0 0 0 0 0 
Table 5. (cont.) 
Riparian forests 100 
Fall 2003 Continuous pastures 98 
Intensive rot. pastures 99 
Stream excluded cattle 0 
Riparian forests 100 
Spring 2003 Continuous pastures 92 
Intensive rot. pastures 91 
Stream excluded cattle 87 
Riparian forests 100 
Summer 2003 Continuous pastures 42 
Intensive rot. pastures 75 
Stream excluded cattle 18 
Riparian forests 53 
Southeast 
Summer 2003 Continuous pastures 89 
Rotational pastures 83 
Intensive rot. pastures 59 
Stream excluded cattle 53 
Grass filters 85 
Fall 2003 Continuous pastures 78 
Rotational pastures 70 
Intensive rot. pastures 93 
Stream excluded cattle 97 
Grass filters 100 
Spring 2003 Continuous pastures 70 
Rotational pastures 51 
Intensive rot. pastures 63 
Stream excluded cattle 37 
Grass filters 90 
Summer 2003 Continuous pastures 72 
Rotational pastures 39 
Intensive rot. pastures 62 
Stream excluded cattle 80 
Grass filters 87 
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CHAPTER 4. GULLY EROSION UNDER DIFFERENT LAND-USE TREATMENTS 
IN IOWA WITH AN EMPHASIS ON GRAZING PRACTICES 
A paper to be submitted to the Journal of Range Management 
G.N. Zaimes, R.C. Schultz, T.M. Isenhart, S.K. Mickelson, J.L. Kovar, J.R. Russell 
and W.J. Powers 
Abstract 
Gullies can be a major source of sediment to surface waters, a major water 
quality problem in the United States. One of the negative impacts of sediment is that 
it can carry the major portion of phosphorus that enters surface waters. Phosphorus 
is the primary limiting nutrient causing eutrophication. Human activities that 
influence land-use practices and vegetation cover affect gully development and 
erosion. The vegetation in Iowa has been altered more than any other state in the 
United States. The objective of this study was to compare gully bank erosion 
between riparian forest buffers, grass filters, annual row-cropped fields, pastures 
with the streams excluded to cattle, and continuous, rotational and intensive 
rotational pastures, in three Iowa regions. A survey was conducted to quantify the 
number of gullies and measure the length and height of all the severe and very 
severe eroding bank areas within the gullies. In addition, in all pastures with cattle 
access to the stream we counted the number of livestock entry points (cow path 
gullies). Erosion pins were established in gullies in each of the following treatments: 
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continuous, rotational and intensive rotational pastures in one of the Iowa regions. 
Within each treatment, in one gully erosion pins were established. Erosion rates, 
erosion activity, and soil and phosphorus losses were compared in the treatments 
that had erosion pins. In the pastures that had pins, soil samples were collected 
from the gully bank and bed and from loafing areas adjacent to the stream bank to 
estimate soil phosphorus concentrations. Overall riparian forest buffers and grass 
filters had the least gullies followed by pastures with streams excluded to cattle. 
Row-crop fields had a considerable amount of ephemeral gullies. As for the pasture 
systems, there were some indications that gully erosion decreased in intensive 
rotational and rotational pastures compared to continuous pastures. Stream banks 
in the treatment reaches appeared to have more soil and phosphorus losses than 
gullies because they have more severe and very severe eroding areas. Finally, 
there were a significant amount of cow paths in all pastures with access to the 
stream and loafing area soils had the highest phosphorus concentrations. There are 
indications that cow paths and loafing areas can be significant sources of sediment 
and phosphorus to streams. 
Key words: gully bank soil and phosphorus losses, stream bank soil and 
phosphorus losses, cow path gullies, loafing areas 
Introduction 
In agricultural landscapes, gullies can be a major pathway of sediment to 
surface waters (USERA, 1998). The main reason is that gullies increase the 
connectivity for water and sediment movement in the landscape (Poesen et al., 
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2003). In four Iowa watersheds, 20% of the sediment was contributed from gullies 
(Piest and Bowie, 1974) while in other regions of the United States and Europe 
gullies can contribute up to 40% (Casalî et al., 2000; Gruszowski, et al., 2003). 
Sediment is the number one non-point source pollution problem in streams in the 
Midwestern United States (Iowa DNR, 1997) and the number one water quality 
problem in the United States (Simon and Darby, 1999). Sediment can degrade 
surface waters in many ways including carrying nutrients, particularly phosphorus 
(David and Gentry, 2000; Sharpley and Smith 1990). Phosphorus has been 
identified as the primary limiting nutrient causing eutrophication of many surface 
waters (Daniel et al., 1998). In the Southern Plains intensive gully remediation 
decreased the sediment load to surface waters by six times and the nutrient loss by 
50 % (Sharpley et al., 1996). 
Gully development can be induced by vegetation cover changes brought 
about by human activities (Harvey, 1996, Schumm, 1999) or by the introduction of 
livestock (Schumm, 1999; Webb and Hereford, 2001). To get the complete picture 
of the impact of different land-use changes on gully development more studies are 
required (Poesen et al., 2003). The objective of this study was to compare gully 
bank erosion in continuous, rotational and intensive rotational pastures, pastures 
with streams excluded to livestock, annual row-cropped fields, riparian forest buffers 
and grass filters. In this study we did not include the soil that can be lost from the 
downcutting of the gully bed as it often was V shaped. An emphasis was given to 
comparisons between continuous, rotational and intensive rotational pastures. 
There are indications that rotational and intensive rotational grazing may be more 
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environmentally friendly by decreasing soil losses (Undersander et al., 1993; USDA-
NRCS, 1997a). These practices are slowly replacing traditional continuous grazing 
in Iowa because they better utilize pasture forages thereby increasing profitabity 
(Undersander et al., 1993; USDA-NRCS, 1997a). 
Methods and Materials 
Study area: More than 90 % of Iowa's vegetation cover today is in annual row-crop 
agriculture and continuously grazed cool-season grass pastures (Burkhart et al., 
1994). This is a dramatic change in a landscape that 150 years ago was dominated 
by tall-grass prairies, but also had many wetlands and forests. In this time frame 
99.9% of the prairies were plowed, 95% of the wetlands were drained and 70% of 
the forests were cut (Whitney, 1994). 
The study areas for this project were in the southeast, central and northeast 
regions of Iowa. We selected southeast and northeast Iowa because they are the 
two of the major livestock grazing regions in Iowa while we selected the central 
region because we already had established research sites including the Bear Creek 
National Restoration Demonstration Watershed (Clean Water Action Plan, 1999). 
The southeast region is in the Southern Iowa Drift Plain landform that has many rills, 
gullies, creeks, and rivers, with steeply rolling hills and valleys. The incised streams 
are in glacial material that was deposited 500,000 years ago while the slopes and 
hills have a mantle of loess cover (Prior, 1991). We focused our efforts in this region 
because of the high frequency of gullies. The central region lies in the Des Moines 
Lobe, that is the most recently glaciated landform in Iowa, (Prior, 1991). This 
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landform has subtle terrain changes with some broad curved bands of ridges, 
knobby hills and irregular ponds and wetlands. The major landforms in the northeast 
region are the lowan Surface and the Paleozoic Plateau (Prior, 1991). The lowan 
Surface during the last glaciation period had tundra and permafrost conditions that 
caused many severe weathering events that loosened and moved the material 
developing a gently rolling terrain. The Paleozoic plateau has almost no glacial 
deposits, with narrower valleys in sedimentary rock and many caves, springs, and 
sinkholes because of the shallow limestone. 
Treatments: The treatments consisted of streams with adjacent riparian forest 
buffers, grass filters, annual row-cropped fields, continuous, rotational and intensive 
rotational pastures, and pastures with the cattle excluded from the stream. The sites 
used for this project had already been established for a stream bank erosion project 
(Zaimes, 2004). All treatment sites were established on private farms for two 
reasons. The first was to evaluate the actual practices, particularly grazing 
practices, of Iowa farmers. The second was that we believe that it might be easier to 
convince local farmers to change their management practices by showing them the 
results of their own or neighbor's land-use practices. Over a six month period we 
met with more than 70 landowners and visited more than 120 sites and eventually 
chose 30 sites. It was not possible to find all treatments in every region because we 
limited our work to deeply incised 1 -3 order streams (Strahler, 1957). In the 
southeast region we had five treatments: grass filters, pasture with the cattle 
excluded from the stream, and intensive rotational, rotational and continuous 
pastures (Tablel ). In the central region we also had five treatments: riparian forest 
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buffers, grass filters, rotational and continuous pastures and annual row-cropped 
fields adjacent to streams (Table 1). In the northeast region we only had four 
treatments: riparian forest buffers, pastures with the cattle excluded from the stream, 
intensive rotational and continuous pastures (Table 1). All our pastures were grazed 
by beef cattle and had cool season grasses such as Kentucky bluegrass (Poa 
pratensis L), tall fescue (Festuca arundinacea Schreb.), reed canary grass (Phalaris 
arundinacea L), smooth bromegrass (Bromus inermis L.) orchardgrass (Dactylis 
glomerata L), white clover (Trifolium repens L.) and red clover (Trifolium pratense 
L.). 
Riparian forest buffers and grass filters are the two main conservation 
practices in riparian areas of Iowa. Sites with these practices were only selected if 
they had been established for at least five years. Riparian forest buffers consist of a 
tree, shrub and warm season grass zone (USDA-NRCS, 1997b). Grass filters 
consist of cool-season grasses (USDA-NRCS, 1997c). 
Annual row-cropping and continuous grazing are the two most common 
traditional land-use practices in Iowa. Corn (Zea mays L.) and soybean (Glycine 
max (L.) Merr.) were grown in alternating years in the row-cropped fields. In 
continuous grazing the pasture was not divided into any paddocks and cattle had full 
access to the stream during the grazing period. In northeast and central Iowa 
grazing started in early May and in early November while in southeast Iowa the 
cattle were left in the pasture throughout the year but their forage was supplemented 
with hay during the winter. 
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Of particular interest were the comparisons between the continuous pastures, 
and the intensive rotational and rotational pastures. These last two practices are 
slowly gaining acceptance by Iowa farmers. Intensive rotational and rotational 
pastures were only selected if they had been established for at least three years. 
For intensive rotational and rotational pastures, the grazing period started in early 
May and ended in early November in all regions. In rotational grazing the pasture 
were divided into 2-3 paddocks. Each paddock was grazed 15-30 days and rested 
for 30 days. In intensive rotational grazing the pasture was divided into more than 6 
paddocks. Each paddock was grazed 1-7 days and rested for 30-45 days. Each of 
the landowners in this study started and ended grazing on different dates for all 
pasture practices leading to different numbers of grazing days. We must note that in 
some cases the farmers using these two grazing systems did not follow the general 
guidelines as defined above. 
Finally, we also selected pastures that had the stream completely excluded to 
cattle (established for at least three years). This is a practice that many cattle 
growers in Iowa are very reluctant to accept. One of the reasons is that the stream 
is the main water resource for the cattle. Another reason is the care needed to 
maintain the fence along the stream because of frequent flash floods. 
Gully survey: In August, 2003 the total length of every gully and the length and 
height, at specific length intervals, of every severe and very severe gully bank in all 
treatment sites of all regions were measured. The gully categories were classic and 
ephemeral. Classic gullies have channel depths ranging from 0.5 m to 25-30 m 
deep that common farm equipment cannot ameliorate (SSSA, 2001). Ephemeral 
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gullies have shallower depths that tillage can easily fill (SSSA, 2001 ). These gullies 
are typically reformed after runoff events cause concentrated overland flow. 
For the severe and very severe gully eroding sites the height of the eroding 
portion of the gully bank was estimated with a scaled height pole (accuracy of 5 cm). 
To estimate the severe and very severe eroding gully bank area we multiplied the 
average height (mean from measurements at specific length intervals) by the length. 
The total severe and very severe gully bank eroding areas for each treatment site 
were estimated as the sum of all the severe and very severe eroding gully bank 
areas within that treatment reach of stream. Because each treatment had a different 
stream length the total severe and very severe gully bank eroding areas were 
adjusted to a common stream length (1 km). This was the first variable we used to 
compare gully erosion and the only between treatments in all regions. We also 
compared the severe and very severe eroding gully bank areas to the severe and 
very severe stream bank eroding areas within each treatment in all regions. The 
severe and very severe stream bank eroding areas were measured in another 
project (Zaimes, 2004) 
During our gully bank survey, it became very evident that there were many 
cattle entry points into the stream. These could range from 0.5-8 m in length and 
0.5-1.5 m in depth. We called these cow path gullies. We counted the cow path 
gullies in each pasture treatment in all regions in August of 2003. This was the 
second variable used to compare gully erosion. 
Gully bank erosion pins: Erosion pins were only used in the southeast region on 
one classic gully in each of the following treatments: continuous, rotational and 
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intensive rotational pastures. This method is commonly used to measure erosion 
rates of stream banks for short-time-scales and when high resolution is required 
(Lawler, 1993). The erosion pins are steel rods, 762 mm long and 6.4 mm in 
diameter and were inserted perpendicularly into the gully bank face (Wolman, 1959). 
The specific length was chosen so the pins would not get lost during a major erosion 
event. In addition, when pins exceed 800 mm in length they might interfere with 
bank erosion processes (Hooke, 1979). The diameter of the pin needed to be small 
enough to cause minimum disturbance to the gully bank face but large enough so it 
would not bend under high discharge events (Lawler, 1993). 
Erosion pins were only placed on severe and very severe eroding gully banks 
because they are the major sources of the sediment in the gully compared to the 
moderate and slight eroding bank sites that are more vegetated. Severe eroding 
banks were defined as bare with slumps, vegetative overhang and/or exposed tree 
roots (USDA-NRCS, 1998). Very severe eroding banks were defined as bare with 
massive slumps or washouts, severe vegetative overhang and many exposed tree 
roots (USDA-NRCS, 1998). Erosion from downcutting in the gullies was not 
measured and this might lead to underestimating the total soil loss from the gullies. 
In each pasture treatment we selected the most representative gully. Then 
each gully was separated into three segments: top, middle and bottom based on 
their gully bank height and their length to the stream. The top segment of the gully 
was the furthest from the stream and had the shortest gully bank height while the 
bottom segment was closest to the stream and had the tallest gully bank height. 
The hypothesis was that the different segments of the gully would have different 
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erosion rates because of gully bank height differences. Each gully segment had one 
erosion pin network plot that was randomly selected for a total of three pin network 
plots in each gully. The erosion pin plot had a network of 5 pins approximately 1 m 
apart in the vertical direction to minimize their influence on bank erosion processes 
(Hooke, 1979; Lawler 1993). We initially identified all the severe and very severe 
eroding gully banks in each segment of the gully and recorded them on a recent 
aerial photograph (scale 1:24,000). Within each gully segment each severe and 
very severe eroding gully bank was assigned a number, with number one the most 
downstream eroding bank in a gully segment. A random numbers table was used to 
select the location of the pin network plot from the total number of severe and very 
severe sites in each gully segment. 
The exposed pin length was 50 mm and was measured from March of 2003 
to August of 2004 every season, except during winter. During the winter season 
most pin networks were typically not easily accessible and/or were covered with 
snow and ice. To estimate the erosion rate the most recent measurement of the 
erosion pin is subtracted from the previous measurement. When the difference is 
positive the exposed pin had erosion, if the difference is negative the pin had 
deposition. When a pin was completely lost during an erosion event an erosion rate 
of 600 mm was assumed (Hooke, 1979; Lawler, 1993). The erosion pin method 
resolution can be as high as 5 mm (Simon et al., 1999). To increase the accuracy 
even more all of our pin measurements were handled by one operator (Couper et 
al., 2002). 
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The erosion pin method provided two more variables (third and forth) to 
compare gully bank erosion. These variables were only used for the three pasture 
treatments with full access to the stream in the southeast region. These variables 
are mean gully bank erosion rate, and activity. The erosion pin rate value can be 
positive (erosion) or negative (deposition). In contrast erosion activity, records the 
'change' (absolute value) of the erosion pin, regardless if it is erosion (positive value) 
or deposition (negative value) (Couper and Maddock, 2001 ). The erosion activity 
indicates how active (unstable) the gully bank is. The mean gully bank erosion rate 
and activity for the erosion pin network plot were estimated by averaging the erosion 
pin rate and activity of all the pins in the plot. In addition, we compared the mean 
gully erosion rate and activity of all three plots of each pasture treatment to the 
stream bank erosion rate and activity in the same pasture treatments. These 
pasture treatments also had five randomly selected erosion pin network plots on 
stream bank faces for another project (Zaimes, 2004). The stream bank pins were 
measured at the same time as the gully bank pins. 
Rainfall data: The rainfall data from the closest National Oceanic and Atmospheric 
Administration (NOAA, 2003-4a and b) weather station to the treatment site was 
used. Seasonal and individual rainfall event data were correlated to gully bank 
erosion. 
Phosphorus concentrations, field sampling: Two 5X3 cm long soil cores were 
collected with a soil probe every 50 cm from zero depth at the top of the eroding 
gully bank face to the bottom of the gully bank. Soil cores were collected at each of 
the erosion pin network plots. The number of soil samples from each gully bank 
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face depended on the gully bank height. Gully bank total phosphorus concentrations 
comparisons were made based on their location on the gully bank face. The 
locations were divided into the following categories: top (0.0 m depth) middle (0.5-
1.0 m depth) and bottom (1.0-2.0 m depth). Location was an important variable 
because researchers that have looked at soil profiles have found total phosphorus 
concentrations changing with depth (Pearson, 1940). 
We also collected two 5X3 cm soil samples from the gully bed adjacent to the 
gully pin networks. In many gullies downcutting is very active and can contribute 
significantly to soil and phosphorus losses. Finally, we collected two 5X3 cm soil 
cores from two cattle loafing areas in each of the pasture sites in the southeast. 
Matthews et al., (1994) found significant accumulation of phosphorus and other 
nutrients in the areas close to shade, water sources and supplement feeders. The 
phosphorus concentrations of the gully bank face, gully bed and loafing areas were 
compared to the phosphorus concentrations from soils in the riparian area at two 
depth (0-5 cm and 6-15 cm) and the stream bank face that were collected in these 
treatments for another project (Zaimes, 2004). 
Phosphorus concentrations, laboratory analysis. All soil samples were air dried 
for 48 hr and then sieved through a 2 mm screen. We estimated total phosphorus 
by digesting 0.14-0.16 g from these soil samples with a sodium hypobromide 
solution (Dick and Tabatabai, 1977). The extracted phosphorus from the digestions 
was identified colorimetrically by a modified molybdenum blue reaction (Murphy and 
Riley, 1962). 
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Bulk density: Soil bulk density samples were collected at the same time and from 
the same locations as the soil phosphorus samples. A 7.5X3 cm core was collected 
using a soil probe (Naeth et al.,1990). The bulk density soil samples were weighed 
after drying for 1 d at 105 °C (Blake and Hartge, 1986). 
Gully bank soil and phosphorus losses: The product of the mean gully bank 
erosion rate, the mean gully bank bulk density and the total eroding area of the 
severe and very severe eroding bank areas of the gullies, was used to estimate the 
gully bank soil losses. These estimates were only possible in the three pastures that 
had erosion pin plots. Total phosphorus losses from the gully banks were estimated 
by multiplying the total soil loss for each gully by their mean gully bank total 
phosphorus concentrations. 
The soil and phosphorus losses per unit length of gully bank were estimated 
by dividing the total gully bank soil loss for each treatment segment by the total 
length of the gully. This was necessary because the gully total length in each 
treatment was different. These were the fifth and sixth variables used to compare 
gully bank erosion. 
For the treatments that had gully erosion pins, we similarly estimated the total 
soil and phosphorus loss and the soil and phosphorus loss per unit length from the 
adjacent stream banks based on data from other studies (Zaimes, 2004). These 
stream bank erosion variables were compared to the same variables estimated by 
the gully bank data from this study. 
Data analysis: The analysis of covariance in SAS was used to examine the impact 
of treatments on gully bank erosion activity and rate, for every season and for the 
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entire period (SAS Institute, 1999). The covariant for the model was rainfall. 
Additional comparisons were made incorporating segment and gully bank heights in 
the statistical model. For total phosphorus concentrations and bulk densities the 
analysis of variance in SAS was used. For total phosphorus concentrations the 
model included regions, treatments, locations and landscape positions. The model 
for bulk density included regions, treatments and locations. 
Results 
Gully survey: Because the treatments had different stream lengths, the number of 
gullies, gully lengths and severe and very severe eroding gully areas were adjusted 
to a 1 km length. Comparing the adjusted number of gullies, gully lengths and gully 
severe and very severe eroding areas between regions, the northeast region had the 
least while the southeast region had the most (Table 2). 
In the central region row-cropped fields had very many gullies, particularly 
ephemeral ones, and the largest severe and very severe eroding areas (Table 2). 
The two pasture systems followed, with the rotational pastures having slightly larger 
severe and very severe eroding gully bank areas than the continuous pastures. The 
rotational pastures in this region had close to double the gully length of the 
continuous pastures. Riparian forest buffers and grass filters had the shortest gully 
length and least severe and very severe eroding areas. In the northeast the riparian 
forest buffers and the pastures with the stream excluded to cattle had no severe and 
very severe eroding gully bank areas. Even the continuous pastures had only 2 m2 
km"1 of severe and very severe eroding gully bank areas. The intensive rotational 
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pastures had the largest severe and very severe eroding areas in this region. 
Finally, in the southeast region the grass filters had minimal severe and very severe 
eroding gully bank areas although their gully length was particularly long. The 
pastures with the stream excluded to cattle had severe and very eroding areas that 
were larger than the grass filters but much smaller than the other three pasture 
systems. For the pasture systems the rotational had the largest severe and very 
severe eroding areas while the continuous were higher that the intensive rotational 
pastures. It is important to note that the rotational and intensive rotational pastures 
had almost double the gully lengths of the continuous pastures. Finally, the severe 
and very severe eroding areas of the stream banks were much larger than those 
from the gullies in all treatments of all regions (Table 2). 
From the cow path survey, the continuous pastures had more cow paths (83 
km"1) than the rotational (66 km"1) in the central region although differences were not 
significant. In the northeast region the continuous pastures had significantly more 
cow path gullies (149 km"1) than the intensive rotational pastures (75 km"1) 
(p=0.0266). In the southeast the continuous pastures had the most cow path gullies 
(139 km"1) with the intensive rotational pastures following (101 km"1) and the 
rotational pastures the least (54 km"1). Differences were only significant between the 
continuous and rotational pastures (p=O.O23O). 
Gully bank erosion pins: Based on the mean gully erosion of all treatments, spring 
of 2004 had the highest activity (93 mm) and rate (76 mm) while fall 2003 had the 
lowest activity (11 mm) and rate with (2 mm). Differences between these seasons 
were significant (activity and rate p<0.0001). The erosion activity and rate in spring 
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of 2004 were also significantly higher than both summers of 2003 (activity 42 mm, 
rate 35 mm) and 2004 (activity 50 mm, rate 40 mm) (all comparisons of activity and 
rate, p<0.0277). For fall of 2003 the erosion activity and rate were significantly lower 
than both summers of 2003 and 2004 (all comparisons of activity and rate, 
p<0.0452). 
The seasonal gully erosion activity and rates of each treatment followed 
slightly different trends (Table 3) compared to the seasonal trend of the mean gully 
erosion activity and rate of all treatments. The continuous pasture had the highest 
erosion in spring of 2004 and it was significantly higher than in the fall of 2003 
(activity and rate, p<0.0001), summer of 2003 (activity and rate p<0.0005), and 
summer of 2004 (activity p=0.0921 and rate p=0.0495). Fall of 2003 had the lowest 
erosion rate and activity for this treatment but was only significantly lower than in the 
summer of 2004 (activity and rate, p<0.0142). Finally, the gully erosion in the 
summer of 2004 was significantly higher than in the summer of 2003 (activity 
p=0.0388, rate p=0.0560). In the rotational pasture the summer of 2003 had a 
significantly higher erosion rate and activity than in the fall of 2003 (activity and rate, 
p<0.0077) and in the summer of 2004 (activity and rate, p<0.0437) but only for 
erosion rate in the spring of 2004 (p=0.0914). Gully erosion activity was also 
significantly higher in the spring of 2004 than in the fall of 2003 (p=0.0188). In the 
intensive rotational pasture, spring of 2004 had a significantly higher erosion rate 
and activity than in the fall of 2003 (activity and rate p<0.0064), summer of 2003 
(activity and rate p<0.0120) and only for erosion rate in summer of 2004 (p=O.O941). 
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The intensive rotational pasture also had a significantly higher erosion rate in the 
summer of 2004 than in the fall of 2003 (p=0.0812). 
Gully erosion activity and rate differences between the three treatments, for 
each season and over the entire period, were only significant in the summer of 2003 
(Table 3). During this period the gully erosion activity was significantly higher in the 
rotational pastures than the continuous (p=0.0606) and the intensive rotational 
pastures (p=0.0299). For the entire period the continuous pastures had the highest 
erosion activity and rate (Table 3) although differences were not significant. When 
we divided the bank into top, middle and bottom gully segments for each treatment, 
there were differences between segments but no consistent pattern for all three 
treatments. 
We separated the gully pin plots based on four gully bank height classes: i) > 
2.0 m, ii) 1.7-2.0 m, iii) 1.4-1.7 and iv) <1.4 m. Comparisons between the height 
classes (Table 4) had more significant differences than the treatment (Table 3) and 
gully segment comparisons. In most cases the plots with heights >2.0 m had 
significantly higher erosion rates and activity than the other three height classes. 
Specifically, the plots with heights >2.0 m had significantly higher gully erosion 
activity in spring of 2004 than plots with heights of 1.7-2.0 m (activity p=0.0924). In 
summer of 2004 the plots with heights >2.0 m had significantly higher gully erosion 
rates and activity than the plot with heights of 1.7-2.0 m (activity and rate p<0.0429), 
plots with heights of 1.4-1.7 m (activity and rate p<0.0238) and plots with heights 
<1.40 m (activity and rate p<0.0150). Over the entire period plots with heights >2.0 
m had significantly higher gully erosion rates and activity than plots with heights of 
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1.7-2.0 m (activity p=0.0927 and rate p=0.0452), plots with heights 1.4-1.7 m 
(activity p=0.0535 and rate p=0.0418) and plots with heights <1.4 m (activity 
p=0.0544 and rate p=0.0879). The differences over the entire period were driven by 
the differences in summer 2004. 
Comparing mean erosion activity (198 mm) and rate (152 mm) of all 
treatments, their difference was significant (p=0.0137) only over the entire period. 
Differences between gully erosion activity and rate for each treatment, was 
significant only in rotational pastures (p=0.0026). Comparing gully erosion activity 
and rate over the entire period based on different gully plot heights, differences were 
significant only between plots with heights between 1.4-1.7 m in the spring 2004 
(p=0.0652) and for the entire period (p=O.OOO7). 
Finally, we also compared the gully erosion rates to the stream bank erosion 
rates over the entire period. Differences were only significant between continuous 
pastures, where the gully banks had higher erosion rates than the stream banks 
(124 mm) (Table 3). The stream bank erosion rates for the rotational pasture (186 
mm) and the intensive rotational pasture (161 mm) where higher than the gully 
erosion rates (Table 3) although not statistically significant. 
Phosphorus concentrations: Comparing the gully bank face soil total phosphorus 
concentrations between the treatments the continuous pasture had significantly 
lower total phosphorus (337 mg kg"1) than the rotational pasture (446 mg kg"1) 
(p=0.0139) and the intensive rotational pastures (476 mg kg"1) (p=0.0047). The soil 
series of all three pastures in the Southeast region was Nodaway (fine-silty, mixed, 
nonacid, mesic Mollic Udifluvents) (SSURGO, 2004). 
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Based on the location in the gully bank face for each gully the top soil 
samples (depth 0.0 m) had the highest total P concentrations. In the continuous and 
rotational pasture the middle locations (depth 0.5-1.0 m) had the second highest 
total phosphorus concentrations while in the intensive rotational pasture the bottom 
locations (depth 1.0-2.0 m) were second highest. Differences of total phosphorus 
concentrations between locations were not significant (Figure 1). 
Total phosphorus concentration comparisons were also made by landscape 
positions. The landscape positions compared were gully bank faces, gully beds, 
cattle loafing areas, riparian areas at two depths (0-5 cm and 6-15 cm) (non-loafing), 
and stream bank faces (Figure 2). The total phosphorus concentrations in the 
riparian areas at two depths (0-5 cm and 6-15 cm) and the stream bank face were 
measured for another project (Zaimes, 2004). In comparing each landscape position 
between treatments only the cattle loafing areas of the intensive rotational pasture 
had significantly higher concentrations then the loafing areas in the continuous and 
rotational pastures (both p<0.0003) (Figure 2). When comparing landscape 
positions within a treatment the cattle loafing areas were the only landscape position 
that tended to be significantly higher than the other landscape positions. 
Specifically, in the intensive rotational pasture the cattle loafing areas were 
significantly higher than all the other five landscape positions (p<0.0001 ). In the 
rotational pasture the cattle loafing areas were significantly higher than shallow 
depth (0-5 cm) riparian areas and stream bank face (both p<0.0368), and gully bank 
(p=0.0608). Finally, in the continuous pasture the cattle loafing areas were 
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significantly higher than the shallow depth (0-5 cm) riparian areas (p=0.0750), gully 
bed (p=0.0893), gully bank and stream bank (both p<0.0484). 
Bulk density: The continuous pasture (1.22 g cm"3) had the highest bulk density 
along the gully bank face, followed by the rotational pasture (1.17 g cm"3) and the 
intensive rotational pasture had the lowest (1.15 g cm"3), although differences where 
not significant. When comparing gully face location bulk densities of all three 
treatments, the top locations (1.06 g cm"3) were significantly lower than the middle 
(1.17 g cm"3) (p=0.0644) and the bottom locations (1.31 g cm"3) (p=0.0010). The 
bottom locations were also significantly higher than the middle locations (p=0.0415). 
Gully bank soil and phosphorus losses: The continuous pasture had the largest 
losses with 450 tons km"1 of soil and 152 kg km"1 of total phosphorus. The rotational 
pastures followed with 79 tons km"1 of soil and 36 kg km"1 of total phosphorus. The 
intensive rotational pastures had the smallest losses with 26 tons km"1 of soil and 12 
kg km"1 of total phosphorus. 
For the entire treatment stream reach, stream bank soil and total phosphorus 
losses were larger than the gully bank losses for the same treatments. Specifically 
the stream banks lost 210, 255 and 78 metric tons of soil in the continuous, 
rotational and intensive rotational pasture, respectively, compared to 105, 54 and 10 
metric tons respectively from the gully banks. For total phosphorus, the stream 
banks in continuous pasture, rotational and intensive rotational pasture lost 62, 102 
and 39 kg respectively, compared to 36, 24 and 5 kg lost respectively, from the gully 
banks. 
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We also compared soil and phosphorus losses adjusted for the stream bank 
length and the gully length. Based on these variable, in the continuous pasture the 
gully banks had more soil and phosphorus losses (450 tons km"1, 152 kg km"1, 
respectively) than the stream banks (252 tons km"1, 76 kg km"1, respectively). In 
contrast in the rotational and intensive rotational pastures the stream bank had more 
soil and phosphorus loss than the gully banks. Specifically, the rotational pasture 
lost 239 tons km"1 of soil and 152 kg km"1 of phosphorus from stream banks 
compared to 79 kg m"1 of soil and 36 mg m"1 of phosphorus from the gully banks. 
Finally, the intensive rotational pasture stream banks lost 174 tons km"1 of soil and 
87 kg km"1 of phosphorus while the gully banks lost 26 tons km"1 of soil and 12 kg 
km"1 of phosphorus from the gully banks. 
Discussion and Conclusions 
Soil texture and structure are critical factors in gully development (Poesen et 
al., 2003). As a result landform has a significant impact on the number of gullies, the 
gully length and severe and very severe gully bank eroding areas (Table 2). As 
expected the Southern Iowa Drift Plain had the largest number of gullies, gully length 
and severe and very severe eroding areas, while the lowan Surface and Paleozoic 
Plateau had the smallest. This is primarily due to the highly erodible loess derived 
soil in the southeast compared to the less erodible till derived soils of the central 
region and the least erodible limestone derived soils of the northeast region (Prior, 
1991 ). In the northeast region the severe and very severe gully bank eroding areas 
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of the continuous pastures were even lower than the severe and very severe eroding 
areas of the two conservation practices in the central region. 
Row-cropped fields had the largest number of gullies, gully length and severe 
and very severe gully bank eroding areas, particularly ephemeral gullies (Table 2). 
This is something we expected since increasing the area in row-crops like corn (Zea 
mays L.) in a watershed can increase ephemeral gully erosion (Poesen et al., 2003). 
However, gully development has also been attributed to overgrazing (Alford, 1982; 
Prosser and Slade, 1994; Webb and Hereford, 2001) and measures should be taken 
to remediate gully erosion in pastures. Comparison of the continuous, rotational and 
intensive rotational pastures did not always yield the expected trends (Table 2). 
Rotational and intensive rotational pastures in some cases had larger severe and 
very severe eroding gully bank areas than the continuous pastures. This might be 
because of the continuing impact of past management practices. Most of our 
rotational and intensive rotational pastures had been recently established on 
previously grazed continuous pastures. We believe that most of these gullies were 
formed when these pastures were under continuous grazing. It is also interesting 
that when the rotational pastures had larger severe and very severe eroding areas 
than the continuous pastures, the rotational pastures also had longer gully lengths. 
Specifically, in the southeast region (based on the adjusted measurements) the 
rotational pastures had about 40% more severe and very severe eroding areas then 
the continuous pastures while the gully lengths in the rotational pastures were 
around 45 % longer than in the continuous pastures. In this same region (based on 
the adjusted measurements) the intensive rotational pastures had longer gullies then 
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the rotational and continuous pastures, but 45 % less severe and very severe 
eroding areas then the rotational pasture and slightly less then the continuous 
pastures indicating that gully banks are stabilizing. In the central region the severe 
and very severe gully bank eroding areas of the rotational and continuous pastures 
were similar. However, the adjusted gully lengths in the rotational pastures were 
almost double than the continuous indicating that the gully banks might be 
stabilizing. We must note that most gullies in all treatments of all regions were in the 
same developmental stage and had similar depths and widths. As expected the 
riparian forest buffers and grass filters had the lowest severe and very severe gully 
bank eroding areas (Table 2). Pastures with the stream excluded to cattle also had 
very few severe and very severe gully bank eroding areas. When the gully banks 
are covered with vigorous vegetation they have much higher critical shear resistance 
to water flow, than gully banks with degraded vegetation or that are bare (Prosser, 
1996). In China agricultural intensification in the upper Yangtze watershed 
increased gully formation while subsequent reforestation re-stabilized most of the 
gullies (Bork et al., 2001 ). 
Reducing gully development and erosion is very important for reducing 
sediment and phosphorus loads to the streams. The drastic change in vegetation 
cover in Iowa during the last 150 years has increased the drainage density and 
channel frequency by more than 50% in most headwater streams (Andersen, 2000). 
This indicates that we have significantly increased the connectivity of surface waters 
and subsequent sediment and phosphorus movement in the lowan landscape. 
When the frequency of gullies increases the sediment yields also increase (Poesen 
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et al., 2002). Specifically, the mean sediment yield for watersheds with no gullies 
was 0.74 tons ha"1 yr"1 (n=3), while it jumped up to 9.61 tons ha"1 yr"1 (n=7), when 
the watershed had numerous gullies (Poesen et al., 2002). 
The number of cow path gullies per unit length of stream bank followed the 
hypothesized trend, with cow path decreasing as a pasture had more paddocks and 
more time for stream reaches to be rested, in the central and northeast region but 
not in the southeast (Table 2). In this region the rotational pastures had the least 
number of cow path gullies followed by the intensive rotational pastures with the 
continuous pastures having the largest. A key factor to the increased number of cow 
path gullies in the intensive rotational pastures in the southeast region might have 
been the proximity of the fence on one side of the stream in one of the pastures that 
forced cattle closer to and more frequently onto the stream banks. The large 
number of cow path gullies in all pastures systems is a concern. Cow path gullies 
can be a major source of sediment and phosphorus because of their direct entry into 
the stream channel and the tendency for manure deposition in the gullies. More 
research needs to be conducted to estimate their importance as a source of 
sediment and phosphorus to streams. Establishing stream crossings for cattle could 
mitigate the number of cow path gullies. In the other treatments similar gullies in 
some cases were created by wildlife [White-tailed deer (Odocoileus virginianus), 
American beaver (Castor canadensis)] although in these treatments the stream 
reaches never had more than 4 wildlife path gullies km"1 stream length and these 
gullies are generally much narrower and less incised in the bank than the cattle path 
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gullies. The pastures with the stream excluded to cattle also had no cow path 
gullies. 
The erosion pin activity and rates over the entire period followed the expected 
trends with continuous pastures having the highest, followed by the rotational and 
the intensive rotational pastures, in that order, although the differences were not 
significant (Table 3). Seasonal differences in erosion activity and rate were evident 
since precipitation and discharge are the driving force of gully erosion. Fall had the 
lowest erosion rate and activity primarily because fall also had the lowest 
precipitation (Table 3). In addition in the fall the crops and other vegetation have 
reduced antecedent soil moisture through transpiration reducing the potential of 
overland flow because of increased soil water storage. As a result even when large 
precipitation events occur in fall, stream bank erosion is low because the discharge 
events are low (Zaimes, 2004). Most gully erosion occurred in the spring and 
summer although all treatments did no have their maximum gully erosion during the 
same season (Table 3). 
Differences based on what segment the gully pin plots were placed in did not 
reveal a consistent pattern. Gully bank height appears to be a better explanatory 
variable of erosion activity and rate (Table 4). Gully banks > 2.0 m had significantly 
higher activity and rates than the gully banks with shorter heights. This indicates 
that when the gully bank heights exceed 2 m, they become extremely unstable. 
Erosion activity and rates were only significantly different in the rotational 
pasture (Table 3). The significant difference indicates that depending on the 
objectives of you could use stream bank erosion rate and/or activity. 
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The continuous pasture had significantly lower total phosphorus 
concentrations in the gully bank face compared to rotational and intensive rotational 
pastures even though all pastures where in the same soil series (Nodaway) and had 
similar stocking density (1.2-1.5 cow-calf ha"1). The top locations (0 m) of the gully 
face had the highest total phosphorus concentrations, although differences were not 
significant between any locations (Figure 1). We expected the top location to have 
higher concentrations than the other locations because feces deposition leads to 
phosphorus build up in the upper soil layers (Haygarth and Jarvis, 1999). In that 
landscape position only the riparian loafing areas had significantly higher total 
phosphorus compared to the other landscape positions (Figure 2). This is not 
surprising since cattle congregate in these areas and increase feces deposition that 
subsequently increases soil phosphorus concentrations (Graetz and Nair, 1995; 
Matthews et al., 1994). Typically feces have significantly higher phosphorus 
concentrations then the soil (During and Weeda, 1973). In addition, cattle loafing 
areas should be of major concern for soil and phosphorus contributions especially 
when they are located near stream or gully banks because they are bare and highly 
susceptible to surface runoff and erosion. 
Bulk densities along the gully bank faces where not significantly different 
between treatments. Interestingly the top position of the gully bank face had 
significantly lower bulk density then that of the other positions. Grazing will increase 
soil compaction in the top centimeters of the soil (Mapfumo et al., 1999). In this 
case cattle walking along the gully probably destabilize the top part of the gully bank 
(Trimble and Mendel, 1995) decreasing bulk density. Increased bulk density with 
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depth, especially very deep in the profile, can result because of lack of soil structure 
and different soil texture in these parts of the soil profile. 
The soil losses from gully erosion per unit length, in the continuous pasture 
were ~6 and -10 times higher than those in the rotational and intensive rotational 
pastures, respectively. The total phosphorus loss from the continuous pastures was 
~4 and ~13 times larger than the rotational and intensive rotational pastures, 
respectively. These numbers indicate that by moving from continuous to rotational 
and intensive rotational pastures the soil and phosphorus losses per unit length 
should decrease. 
Quantifying the percentage of soil and sediment losses that each pathway 
contributes is essential when developing a management program to reduce these 
pollutants. In all our treatments, stream bank erosion soil and total phosphorus 
losses were always considerably larger than gully bank erosion for the same stream 
segment. The greater losses are primarily a result of the larger severe and very 
severe eroding contributing areas that the stream bank had compared to the gully 
bank (Table 2). We must note that soil and phosphorus losses from gullies are 
underestimated because we considered soil and phosphorus lost only from the gully 
banks and not from the beds of the gullies. 
Gully banks contributed 34%, 17% and 10% of the total soil lost from stream 
and gully bank erosion in the entire stream reaches of the continuous, rotational and 
intensive rotational pastures, respectively. The contributions of gully banks to the 
total phosphorus losses from stream and gully bank erosion were slightly higher than 
the gully soil contributions. Specifically, 37%, 19% and 11% of total phosphorus 
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losses originated from gully erosion in the entire stream reach of the continuous, 
rotational and intensive rotational pastures, respectively. These results indicate that 
gully erosion is a more important contributor of soil and phosphorus losses in the 
continuous pastures than in the rotational and intensive rotational pastures. 
In addition we compared soil and phosphorus losses from stream bank and 
gully erosion on per unit length basis. In the continuous pasture, soil and total 
phosphorus losses from gully erosion where double the losses from stream bank 
erosion. In contrast soil and total phosphorus losses from stream bank erosion were 
2 and 4 times larger (respectively) in the rotational pastures and ~ 7 (for both) times 
larger in the intensive rotational pastures than the gully erosion contributions. These 
results are highly correlated to the stream and gully bank erosion rates and suggest 
that in different treatments the soil and phosphorus loss intensity per unit length and 
the importance of a pathway may change. As land use intensity of riparian area 
increases gully contributions to channel sediment loads increase faster than stream 
bank erosion contributions. Excluding livestock from direct access to the stream is 
an example of setting aside a very narrow band of land that has low intensity use 
that can buffer the more intensive use of the more upland portion of the riparian 
area, thereby reducing gully production. 
The importance of soil and phosphorus contributions to surface waters from 
gullies will depend on the region and the soil material. Land-use practices also 
impact gully erosion activity and rate, and the soil and phosphorus losses from 
gullies to surface waters. Riparian forests, grass filters and pastures with the stream 
excluded to cattle increase gully bank stability compared to all the other treatments. 
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Intensive rotational pastures and rotational pastures are not as effective in gully 
erosion remediation as riparian forest buffers and grass filters or streams with 
livestock excluded from the channel although the results suggest that these pasture 
systems could decrease gully erosion and soil and phosphorus losses compared to 
continuous pastures. Cow gully paths and cattle loafing areas could be significant 
contributors of sediment and phosphorus to surface waters and need special 
attention in pastures. Finally in our streams, stream bank erosion appears to have 
greater soil and phosphorus losses than gully bank erosion. 
Acknowledgements 
This research has been funded in its majority by the Iowa Department of 
Natural Resources under the Federal Nonpoint Source Management Program 
(Section 319 of the Clean Water Act) and partly from the Leopold Center for 
Sustainable Agriculture, a State of Iowa Institution located at Iowa State University, 
the Iowa State Water Resources Research Institute, the North Central Region 
Sustainable Agriculture Research and Education and the University of Missouri 
Center for Agroforestry under cooperative agreements AG-02100251 with the USDA 
ARS Dale Bumpers Small Farms Research Center, Booneville, AR. and C R 
826704-01-0 with the US EPA. The results presented are the sole responsibility of 
the authors and may not represent the policies or positions of the funding 
organizations. 
We would like to thank M. Goldsmith, A. Haggart, J. Herring, R. Faaborg, K. 
Kult, S. Molitor, J. Love and N. Zaimes for their help in collecting data in the field 
175 
and/or the laboratory analysis. Finally we would like to thank all the landowners that 
permitted us to use their farms as monitoring sites. This project would not be 
feasible without their cooperation. 
References 
Alford, J.J. San Vicente Arroyo. Annals Assoc. Amer. Geog. 72:398-403. 
Andersen, K. L. 2000. Historical alterations of surface hydrology in Iowa's small 
agricultural watersheds. Thesis (M.S.). Iowa State University, Ames, IA. 
Beeson, C.E. and P.F. Doyle. 1995. Comparison of Bank Erosion at Vegetated and 
Non-vegetated Channel Bends. Water Resour. Bull. 31:983-990. 
Blake, G.R. and K.H. Hate. 1986. Bulk Density. In: Clute A. Ed. Methods of soil 
analysis: Part 1. Physical and mineralogical methods. 2nd ed. Madison, Wl: 
American Society of Agronomy and Soil Science Society of America, pp. 363-
375. 
Bork, H.R., Y. Li, Y. Zhao, J. Zhang, Y. Shiquan. 2001. Land-use changes and gully 
development in the upper Yantze River Basin, SW-China. J. Mountain Sci. 
19:97-103. 
Casalî, J., S.J. Bennett, and K.M. Robinson. 2000. Processes of ephemeral gully 
erosion. International Journal of Sediment Research 19:31-41. 
Couper, P.R. and I. P. Maddock. 2001. Subaerial river bank erosion processes and 
their interaction with other bank erosion mechanism in the River Arrow, 
Warwickshire, UK. Earth Surf. Process. Landforms 26:631-646. 
Couper, P., T. Stott, and I. Maddock. 2002. Insights into river bank erosion 
processes derived from analysis of negative erosion-pin recordings: 
Observations from three recent UK studies. Earth Surf. Process. Landforms 
27:59-79. 
Daniel, T.C., A.N. Sharpley, and J.L. Lemunyon. 1998. Agricultural phosphorus and 
eutrophication: A review. Journal of Environmental Quality 27:251-257. 
David, M.B. and L.E. Gentry. 2000. Anthropogenic inputs of nitrogen and 
phosphorus and riverine export for Illinois, USA. J. Environ. Qua!. 29:494-508. 
Department of Natural Resources. 1997. Water Quality in Iowa during 1994 and 
1995. Iowa Department of Natural Resources, Des Moines, Iowa. 
Dick, W.A. and M .A. Tabatabai. 1977. An alkaline oxidation method for 
determination of total phosphorus in soils. Soil Sci. Soc. Amer. J. 41:511-514. 
During, C. and W.C. Weeda. 1973. Some effects of cattle dung on soil properties, 
pasture production and nutrient uptake. New Zealand J. Agr. Res. 16:431-438. 
Graetz, D.A. and V.D. Nair. 1995. Fate of phosphorus in Florida spodosols 
contaminated with cattle manure. Ecol. Eng. 5:163-181. 
Haygarth, P.M. and S C. Jarvis. 1999. Transfer of phosphorus from agricultural soils. 
Adv. Agron. 66:195-249. 
Hooke, J.M. 1979. An Analysis of the Processes of River Bank Erosion. J. Hydrol. 
42:39-62. 
Lawler, D.M. 1993. The Measurement of River Bank Erosion and Lateral Channel 
Change: A Review. Earth Surf. Process. Landforms 18:777-821. 
Mapfumo, E., D.S. Chaney, M .A. Neat, and V.S. Baron. 1999. Soil Compaction 
under grazing of annual and perennial forages. Can. J. Soil Sci. 79:191-199. 
Mathews, B.W., L.E. Sollenberger, V.D. Nair, and C.R. Staples. 1994. Impact of 
grazing management on soil nitrogen, phosphorus, potassium and sulfur 
distribution. J. Environ. Qual. 23:1006-1013. 
Murphy J. and J.P. Riley. 1962. A modified single solution method for the 
determination of phosphate in natural waters. Anal. Chim. Acta 27:31-36. 
Naeth M. A., D.J. Pluth, D.S. Chanasyk, A.W. Bailey. 1990. Soil compacting impacts 
on grazing in mixed prairie and fescue grassland ecosystems of Alberta. Can. 
J. Soil Sci.. 70:157-167. 
National Oceanic and Atmospheric Administration (NOAA). 2003-4a. Hourly 
Precipitation Data Iowa. Volumes:53(3)-54(8) 
Available at: http://www.ncdc.noaa.gov/oa/climate/stationlocator.html (retrieved 
11-20-04) 
National Oceanic and Atmospheric Administration (NOAA). 2003-4b. Climatological 
Data Iowa. Volumes:114(3)-115(8) 
Available at: http://www.ncdc.noaa.gov/oa/climate/stationlocator.html (retrieved 
11-20-04) 
Pearson, R.W., R. Spry, and W.H. Pierre. 1940. The vertical distribution of total and 
dilute acid-soluble phosphorus in twelve Iowa soil profiles. Journal of American 
Society of Agronomy. 32:683-696. 
178 
Piest, R.F. and A.J. Bowie. 1974. Gully and stream bank erosion. In: Land-use: 
Persuasion of Regulation. Proceedings of the 29th Annual Meeting of the Soil 
Conservation Society of America, Ankeny, IA. pp. 188-196. 
Poesen, J., L. Vandekerckhove, J. Nachtergaele, D. Oostwood Wijdenes, G. 
Verstraeten, B. van Wesemael. 2002. Gully erosion in dryland environment. In: 
Dryland Rivers: Hydrology and Geomorphology of Semi-Arid Channels, Bull 
L.J. and Kirkby, M.J. (eds.). John Wiley and Sons, Chichester, UK. pp. 229-
262. 
Poesen , J., J. Nachtergaele, G. Verstraeten, C. Valentin. 2003. Gully erosion and 
environmental change: Importance and research needs. Catena 50:91-133. 
Prosser, I.P. 1996. Thersholds of channel initiation in historical and Holocene 
times, southeastern Australia. In: Advances in Hillslope Process, Anderson, 
M.G. Brooks S.M. (eds.). John Wiley and Sons Chichester, UK. 
Prosser, LP and C.J. Slade. 1994. Gully formation and the role of valley floor 
vegetation, southeastern Australia. Geol. 22:1127-1130. 
SAS Institute. 1999. SAS Release 8.1. SAS Inst., Cary, NC. 
Schumm. 1999. Causes and Control of Channel Incision. In: Incised River Channels: 
Processes, Forms, Engineering and Management, Darby S.E. and A. Simon 
(eds.). John Wiley and Sons Chichester, England, pp. 19-33. 
Sharpley, A.R. and S.J. Smith. 1990. Phosphorus transport in agricultural runoff: the 
role of soil erosion, p. 349-366. In: J. Boardman, I.D.I. Foster, and J .A. Dearing, 
Soil Erosion on Agricultural Land. John Wiley and Sons Press, Chichester, 
England. 
Sharpley, A.N., S.J. Smith, J.A. Zollweg, and G.A. Coleman. 1996. Gully treatment 
and water quality in the Southern Plains. J. Soil Water Conserv. 51:498-503. 
Simon, A. and S. Darby. 1999. The Nature and Significance of Incised River 
Channels. In: Incised River Channels: Processes, Forms, Engineering and 
Management, Darby S.E. and A. Simon (editors.). John Wiley and Sons 
Chichester, United Kingdom, pp. 1-18. 
Simon A., A. Curini, S. Darby and E.J. Langendoen. 1999. p. 123-152. Streambank 
mechanics and the role of bank and near-bank processes in incised channels. 
In: Darby S.E. and A. Simon (eds.), Incised Rivers Channels: Processes, 
Forms, Engineering and Management. John Wiley and Sons Press, Chichester, 
England. 
Soil Survey Geographic (SSURGO). 2004. Iowa Cooperative Survey. United States 
Department of Agriculture-Natural Resources Conservation Service. 
Available: http://icss.agron.iastate.edu/ (retrieved 11-20-04) 
Soil Science Society of America (SSSA). 2001. Glossary of Soil Science Terms. Soil 
Science Society of America. Madison, Wl. 
Available at: http://www.soils.org/sssagloss/ (retrieved 11-20-04) 
Strahler, A.N. 1957. Quantitative analysis of watershed geomorphology. Trans. 
Am. Geophys. Union 38:913-920. 
Trimble, S.W. and A.C. Mendel. 1995. The cow as a geomorphic agent: A critical 
review. Geomor. 13:233-253. 
Undersander, D.J., B. Albert, P. Porter, and A. Croslley. 1993. Pastures for profit: a 
hands-on guide to rotational grazing. University of Wisconsin Extension Service 
Pub. No. A3529. Madison, Wis. 
United States Department of Agriculture-Natural Resource Conservation Service 
(USDA-NRCS). 1997a. Profitable pastures. A guide to grass, grazing and good 
management. USDA-NRCS. Des Moines, Iowa. 
United States Department of Agriculture-Natural Resources Conservation Service 
(USDA-NRCS). 1997b. Riparian Forest Buffer. Conservation Practice 
Standard, Code 392. USDA-NRCS, Des Moines, Iowa. 
United States Department of Agriculture-Natural Resources Conservation Service 
(USDA-NRCS). 1997c. Grass Filters. Conservation Practice Standard, Code 
393. USDA-NRCS, Des Moines, Iowa. 
United States Department of Agriculture-Natural Resource Conservation Service 
(USDA-NRCS). 1998. Erosion and Sediment Delivery. Field Office Technical 
Guide Notice no. I A-198. USDA-NRCS, Des Moines, Iowa. 
Unites States Environmental Protection Agency (USEPA), 1998. National water 
quality inventory: 1998report to congress. Office of Water, USEPA. 
Washington, D.C. 
Wolman, M.G. 1959. Factors Influencing Erosion of a Cohesive River Bank. Amer. J. 
Sci. 257:204-216. 
Webb, R.H. and R. Hereford, 2001. Floods and geomorphic change in the 
southwestern United States: a historical prospective. Proc. Seventh Federal 
181 
Interagency Sedimentation Conf. March 25-29, Reno, Nevada, USA. IV30-
IV37. 
Zaimes, G.N., 2004. Land-use practice impacts on soil and sediment characteristics, 
and on stream and gully bank erosion soil and phosphorus losses with an 
emphasis in grazing practices. Dissertation (Ph.D.). Iowa State University, 
Ames, IA. 
Zaimes, G.N., R.C. Schultz, and T.M. Isenhart. 2004. Land-use practices and 
weather pattern influences on stream bank erosion. J. Amer. Water Resour. 
(submitted). 
182 
H Top 
Middle 
• Bottom 
Continuous pastures Rotational pastures 
Treatments 
Intensive rot. 
pastures 
Figure 1. Gully bank total soil phosphorus concentrations at three bank 
height locations in different pasture treatments. The gully bank face height 
locations were: top (depth 0.0 m), middle (0.5-1.0 m) and bottom (1.0-2.0 m). 
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Figure 2. Gully bank total soil phosphorus concentrations for different 
landscape positions in different pasture treatments. The landscape positions 
are: shallow depth (0-5 cm) riparian soils, deeper depth (6-15 cm) riparian 
soils, cattle loafing areas, stream bank face, gully bank face and gully bed. 
Table 1. General characteristics of the treatment sites. 
Region Treatment Sites 
(#) 
Soil series * Stocking density 
(cow-calf ha"1) 
Northeast Continuous pastures 3 Dorchester, Radford, Otter-Ossian complex 1.5-2.4 
Northeast Intensive rot. pastures 3 Dorchester, Dorchester-Chaeseburge-Viney and Dorchester- 1.2-2.1 
Chaeseburge complexes 
Northeast Pasture stream excluded 2 Radford, Spillville N/A 
Northeast Riparian forest buffers 2 Colo-Otter-Ossian complex, Spillville N/A 
Central Row-cropped fields 2 Spillville-Coland complex N/A 
Central Continuous pastures 2 Coland, Colo, Spillville-Coland complex 1.8-2.4 
Central Rotational pastures 2 Coland, Coland-Terrill complex 1.2-3.0 
Central Grass filters 2 Spillville, Spillville-Coland complex N/A 
Central Riparian forest buffers 2 Coland, Hanlon-Spillville and Spillville-Coland complexes N/A 
Southeast Continuous pastures 3 Nodaway, Nodaway-Cantril complex 1.5-2.7 
Southeast Rotational pastures 2 Nodaway 0.9-2.9 
Southeast Intensive rot. pastures 2 Nodaway, Nodaway-Cantril complex 0.9-1.5 
Southeast Pasture stream excluded 1 Nodaway N/A 
Southeast Grass filters 2 Amana, Nodaway N/A 
* from SSURGO, 2004. 
Table 2. Gully types, total number of gullies, gully lengths and severe and very severe eroding gully bank 
areas for each treatment within a region. The last three variables were also adjusted because each treatment 
reach had different stream bank lengths. The stream bank variables are stream length and severe and very 
severe eroding stream bank areas for each treatment within a region. 
Treatment Gully Gully Stream bank* Gully 
Type Actual Actual Adjusted for stream length 
Total Length Severe Length Severe Total Length Severe 
erod. area erod. area erod. area 
(#) (m) (m^) (m) (nf) (#km-1) (m km"1) (m^ km"1) 
Central 
Row-cropped fields Classic 5 755 198 1561 1657 3.3 483 127 
Ephemeral 6 3.8 
Continuous pastures Classic 4 185 116 1732 1999 2.0 93 58 
Ephemeral 1 0.5 
Rotational pastures Classic 4 224 89 1340 899 3 168 67 
Grass filters Classic 5 59 28 1577 615 3.2 38 18 
Riparian forest buffers Classic 2 34 18 1420 430 1.4 24 13 
Northeast 
Continuous pastures Classic 2 17 4 1614 1935 1.2 11 2 
Intensive rot. grazing Classic 3 107 41 1473 1125 2.7 73 28 
Pastures stream excluded None 1 7 0 749 203 1.2 8 0 
Riparian forests None 0 0 0 838 244 0 0 0 
Southeast 
Continuous grazing Classic 7 446 288 1836 2661 3.9 245 158 
Ephemeral 1 0.6 
Rotational grazing Classic 7 679 393 1515 2403 4.7 448 259 
Intensive rot. grazing Classic 6 353 101 705 371 8.5 501 143 
Pasture stream excluded Classic 2 32 29 312 239 6.4 103 93 
Grass filters Classic 3 335 4 730 289 4.1 459 5 
* from Zaimes, 2004. 
Table 3. Mean gully erosion rate and activity in each treatment for every erosion pin measurement period; 
standard errors are in parentheses. For each measuring period total rainfall is also included.* 
Pasture Summer 2004 Fall 2003 Spring 2004 Summer 2004 Total 
Treatment 03/14/03-08/12/03 8/16/03-11/15/03 11/16/03-05/03/04 05/04/04-08/17/04 3/14/04-08/17/04 
Gully Erosion Rain Gully Erosion Rain Gully Erosion Rain Gully Erosion Rain Gully Erosion Rain 
Activity Rate Activity Rate Activity Rate Activity Rate Activity Rate 
(mm) 
Continuous 27 26 397 13 11 201 127 124 312 75 75 344 242 236 1254 
(19) (26) (4) (55) (29) (38) (31) (32) (55) (63) 
Rotational 89 76 397 15 0 201 76 28 312 37 14 344 216 118 1254 
(19) (26) (4) (56) (29) (38) (32) (32) (55) (64) 
Intensive 13 6 402 7 0 203 78 78 296 37 30 306 136 114 1207 
rotational (19) (26) (4) (56) (29) (38) (32) (32) (56) (64) 
* from National Oceanic and Atmospheric Administration (NOAA), 2003-4 a and b. 
Table 4. The mean gully erosion activity and rate of plots with different gully bank heights for every period we 
measured the erosion pins; in the parenthesis are the standard errors. 
Summer 2004 Fall 2003 Spring 2004 Summer 2004 Total 
03/14/03-08/12/03 8/16/03-11/15/03 11/16/03-05/03/04 05/04/04-08/17/04 3/14/04-08/17/04 
Gully Gully erosion 
Bank height Activity Rate Activity Rate Activity Rate Activity Rate Activity Rate 
(m) (mm) 
<2.00 33 33 8 4 168 162 161 161 370 360 
(46) (56) (9) (82) (38) (67) (29) (28) (59) 77 
1.71-2.00 24 16 17 16 63 63 53 53 157 148 
(33) (40) (6) (61) (29) (49) (22) (22) (44) (57) 
1.41-1.70 51 37 14 -2 78 31 39 28 182 94 
(27) (33) (5) (50) (24) (40) (18) (18) (36) (46) 
>1.40 41 38 8 -1 108 107 19 1 176 145 
(33) (39) (6) (55) (24) (47) (19) (18) (41) (54) 
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CHAPTER 5. GENERAL CONCLUSIONS 
Sediment and phosphorus are major non-point pollutants in surface waters 
that can significantly degrade water quality in many ways. A major emphasis has 
been placed on ways to reduce these pollutants. The general perception is that it is 
easier and more economical to reduce transport of sediment and phosphorus before 
they reach surface waters, rather than trying to decrease sediment and phosphorus 
loads in the surface waters. This has led to research focusing on understanding the 
pathways that these two pollutants follow to reach surface waters. 
Land-use practices heavily influence the sediment and phosphorus losses in 
watersheds. Certain land-use practices located in key areas can significantly 
mitigate the amounts of sediment and phosphorus that reach surface waters. One 
of these keys areas are riparian areas because of their proximity to surface waters. 
In this study we wanted to compare how different land-use practices in the 
riparian areas of three Iowa regions can influence sediment and phosphorus 
transport to low order streams. Our primary focus was to investigate different 
grazing practices. In rotational and intensive rotational grazing the pasture is divided 
into paddocks that provide resting periods for parts of the pastures. These practices 
are gaining acceptance in Iowa because the can increase farmers profitability. We 
wanted to compare these practices to continuous pastures that are the most 
common pasture practice in Iowa. In all these three pasture treatments the beef 
cattle had full access to the stream. Excluding cattle from the stream was another 
practice of great interest to us, although it has not been very well accepted by Iowa 
farmers. In addition it was very important to include conservation practices such as 
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riparian forest buffers and grass filters. Finally, we included stream reaches that 
were row-cropped up to the edge of the stream because it is a very common 
practice in Iowa. 
Understanding how these land-use practices influence the pathways of 
sediment and phosphorus transport to streams is essential. We focused our 
research efforts on stream and gully bank erosion that are major pathways that have 
received less research attention than overland flow. In addition, we wanted to 
measure certain soil and sediment characteristics of the source material of all the 
major pathways (overland flow, stream bank erosion, gully erosion, stream bed re-
suspension) that can influence the pathways transport capacity. 
The evaluated soil and sediment characteristics were soil and sediment total 
phosphorus, soil compaction and stream bed substrate. The soil and sediment total 
phosphorus concentrations differed for different landscape positions that 
represented different source areas of pathways and followed different trends in 
different regions. This indicates that in different regions different pathways might be 
more important for phosphorus transport. We did not find as many total phosphorus 
concentration or soil compaction differences between treatments as we expected. 
Soil compaction differences only existed between conservation practices and 
continuous pastures. We believe there are two reasons for the lack of many 
treatment differences for both total phosphorus concentrations and soil compaction. 
First, the conservation practices and the rotational and intensive rotational pastures 
had been established recently and past management practices were still influencing 
these soil characteristics. All the treatments in this project previously had been 
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either under continuous grazing or annual row-cropping for many decades. 
Secondly, riparian soils inherently are characterized by high structure and texture 
variability. 
Similarly, the stream bed substrate did not show clear cut differences 
between treatments because all our streams were heavily incised, embedded and 
influenced by past and/or upstream agricultural activities. Total suspended 
sediment, and total and dissolved phosphorus stream water sample differences 
between treatments were also not significant in many cases because we collected 
grab samples during baseflow conditions. Typically, the majority of sediment and 
phosphorus are transported to streams during peak discharge events. 
Riparian forest buffers and grass filters had the lowest soil and phosphorus 
losses from stream and gully bank erosion. Increased vegetation provides higher 
shear resistance for the stream and gully bank soils that decreases their erodibility 
potential. Pastures with the cattle excluded from the stream also had low soil and 
phosphorus losses from stream and gully bank erosion. Continuous, rotational and 
intensive rotational pastures did not always follow the hypothesized trends. There 
were strong indications that intensive rotational grazing could reduce soil and 
phosphorus losses compared to continuous pastures. The reasons for not detecting 
any significant differences could be because rotational and intensive rotational 
pastures had been recently established, and these pastures were still impacted by 
past management practices. In many cases stocking rates, number of grazing days 
and/or time of year the pasture is grazed are more important than shifting to different 
grazing systems. Also, on private farms, landowners do not follow the textbook 
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definitions of rotational and intensive rotational pastures so differences between the 
two practices were not consistent across the study. The evidence for this was that 
sward heights in all pasture systems were often less than 2 cm well below the 
recommended height for cessation of grazing (5 cm). As expected row-cropped field 
soil and phosphorus losses from stream and gully bank erosion were high and 
similar to continuous pastures. Finally, stream bank erosion soil and phosphorus 
losses appear to be more important than gully erosion losses. 
In general, removing the disturbances along stream and gully banks (tractors 
and cattle), and allowing the growth of plants with vigorous roots will decrease 
stream and gully bank soil and phosphorus losses. Riparian forest buffers and grass 
filters are very efficient in reducing stream bank and gully erosion, while pastures 
with the cattle excluded from the stream also show great potential. Intensive 
rotational pastures have shown some strong indications of improving stream and 
gully bank stability compared to continuous pastures, although many other factors 
could be very important. Some of these factors include how many paddocks are 
along the streams, time of grazing in the stream paddocks, stocking rates and if the 
landowners follow the actual guidelines of intensive rotational grazing. 
